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EXECUTIVE SUMMARY 

 

The Assistant Secretary of Defense for Energy, Installations & Environment (ASD 

(EI&E)), has issued this SDSFIE Raster (SDSFIE-R) standard as part of the governance 

of installation geospatial information and services (IGI&S) under the authority granted in 

DoDI 8130.01. The IGI&S Governance Group (IGG) developed this standard (or 

“compendium of standards”) in order to foster coordinated and integrated approaches 

for IGI&S across the Department. 

SDSFIE-R establishes guidance defining the preferred and recommended raster 

standards to be used by the IGI&S community. SDSFIE-R and its associated annex - 

the Raster Standards Compendium (RSC) - include a comprehensive summary of 

raster and related standards adopted, endorsed, recommended or referenced by the 

Department of Defense (DoD) via the National System for Geospatial Intelligence 

(NSG).  SDSFIE-R contains collection and interchange formats, specifications, and best 

practices for all forms of raster data (raster maps, raster imagery, elevation, etc.). 

SDSFIE-R does not include a required schema or data model, and therefore is not 

registered in the DoD IT Standards Registry (DISR) as a traditional IT standard.  

Instead, this is a guidance document for the IGI&S community. 

Although most standards referenced in SDSFIE-R are mandated for DoD use, this 

document also includes standards in common use despite their absence in the DISR. 

These “non-DISR standards” include international standards, community standards, and 

de facto industry standards. Some proposed standards, emerging standards and 

standards under evaluation are also included for the IGI&S community’s reference. 

Examples include the American Society of Photogrammetry and Remote Sensing 

(ASPRS) LiDAR standard, and the International Hydrographic Organization (IHO) S-102 

bathymetric standard. 
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1 Introduction 

 

SDSFIE Raster (SDSFIE-R) is a compendium of raster and related standards adopted, endorsed, 

recommended or referenced by the Department of Defense (DoD) via the National System for Geospatial 

Intelligence (NSG).  The SDSFIE Raster compendium is intended primarily as guidance for the DoD 

installation geospatial information and services (IGI&S) community.  It contains collection and interchange 

formats, specifications, and best practices for all forms of raster data (raster maps, raster imagery, 

elevation, etc.). 

The IGI&S community (defined in DoDI 8130.01) performs the subset of geospatial information and 

services (GI&S) activities that apply to the management of DoD installations and environment to support 

military readiness in the Active, Guard, and Reserve Components with regard to facility construction, 

sustainment, and modernization, including the operation and sustainment of military test and training 

ranges. The Components’ IGI&S programs also, by policy, support DoD business enterprise priorities as 

defined in the DoD Business Enterprise Architecture (BEA). Component IGI&S Programs may, as 

needed, develop additional raster policy or guidance which conforms to this compendium and shall 

develop and implement raster quality goals, standards, and testing through the Raster Working Group of 

the IGI&S Governance Group (IGG). 

1.1 Purpose 

 

The IGI&S community faces a significant challenge with respect to imagery and raster data standards. A 

great number of geospatial raster standards already exist, many of which undergo constant revision. In 

addition to this, new standards continue to emerge as technologies and methods of raster data collection 

are developed. In order to rationalize the state of the industry, the IGI&S community designed this 

compendium as a tool to assist its organizations and users in identifying the most applicable and useful 

raster standards which should be applied to a range of common raster data use cases for IGI&S. The 

focus of this document is on raster collection and processing specifications, usage, and transfer methods. 

Many existing raster standards can be found in the DoD IT Standards Registry (DISR), but some exist 

outside of this formal structure. 

SDSFIE-R does not include a required schema or data model, and therefore is not registered in the DISR 

as a traditional IT standard.  Instead, this document establishes guidance defining the preferred and 

recommended raster standards to be used by the IGI&S community. Adherence to these standards will 

ensure authoritative, understandable, and interoperable raster data is available when and where needed 

in support of the functions and policy described in DoDI 8130.01, DoD’s overarching goals, and the 

national security of the United States. 
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1.2 Authority 

 

In accordance with DoDI 8130.01, this document applies to IGI&S. IGI&S is applicable to the 

management of DoD installations and environment to support military readiness in the Active, Guard, and 

Reserve Components with regard to facility construction, sustainment, and modernization including the 

operation and sustainment of military test and training ranges, as well as, the US Army Corps of 

Engineers Civil Works community.  Its applicability for other interested organizations is suggested but not 

mandatory. 

DoDI 8130.01 grants authority to the ASD(EI&E) to develop, manage, and publish IGI&S standards and 

requires that these standards be coordinated through the Geospatial Intelligence Standards Working 

Group (GWG).  SDSFIE-R is conformal with all applicable raster standards currently mandated for DoD 

use by the GWG and the Joint Enterprise Standards Committee (JESC), as listed in the DISR. In 

accordance with the procedures in DoDI 8130.01, the ASD (EI&E) develops new or revised standards 

based upon input from the IGG, the official standards consensus body for IGI&S.  While the IGG is the 

defacto author of SDSFIE-R, it becomes mandatory for the IGI&S community once it is formally issued by 

the ASD(EI&E). 

1.3 Scope 

 

This document provides guidance for the application of raster standards and effective data resolutions to 

be used within the IGI&S community, including standards defined by the US government, international 

standards and other third party organizations. Standards described in this document include data 

collection and processing and interchange formats, and recommended practices for all forms of raster 

data (raster maps, raster imagery, elevation, etc.). 

Although most standards referenced in SDSFIE-R are mandated for DoD use, this document also 

includes standards in common use despite their absence from the DISR. These “non-DISR standards” 

include international standards, community standards, and de facto industry standards. Some proposed 

standards, emerging standards and standards under evaluation are also included for the IGI&S 

community’s reference. Examples include the ASPRS LiDAR standard, and the International 

Hydrographic Organization (IHO) S-102 bathymetric standard. A detailed summary of all these applicable 

raster standards are included in an Annex, the Raster Standards Compendium (RSC). 

1.4 Using this Standard 

 

This document is structured with two types of readers in mind: (a) the reader who is performing one or 

more standard IGI&S uses of imagery/raster data and is searching for the preferred/recommended 

standards or specifications applicable to those uses; or (b) the reader who is searching for all mandated 

or available imagery / raster standards. 

Reader type (a) should consult section 2.0 which defines the IGI&S use cases of imagery and raster 

products identified by consensus of the DoD Components, along with corresponding preferred or 

recommended standards and data resolutions. 

Reader type (b) should consult the Appendices and the Annex of this document which summarize all the 

raster/imagery standards that are currently mandated or are in common use across DoD. 
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2 Use Cases 

 

In order to establish the guidance (recommendations and format preferences) listed below, the IGI&S 

Governance Group gathered input from its community regarding a range of imagery and raster data use 

cases specifically pertaining to installation and civil works mission requirements. Future versions of 

SDSFIE-R will rely upon refreshed input from the DoD Components in order to incorporate evolving 

technologies, requirements, and industry cost trends. Section 2.3 provides a summation of the 

information gathered focusing on the costs associated with Imagery and Raster use as of February, 2016. 

2.1 Imagery / Raster Resolutions 

 

To make effective use of imagery and raster products purchased or acquired for IGI&S missions, it is 

recommended to use the following resolutions per Use Case: 

  Minimum Preferred Update Freq. 

High-Resolution Satellite Imagery 
(HRSI) 

50cm 33cm 
Quarterly to 

Annually 

LiDAR 
2 Points / Square 

Meter 
4 or more Points / 

Square Meter 
3 to 5 years 

Multi-Spectral Satellite Imagery 1 meter 50cm or less 1 to 2 years 

Oblique Imagery 12 inches 6 inches Every 3 years 

Orthophotography 6 inches 3 inches 3 to 5 years 

Table 1: Use Case Resolutions 

Note:  

The Update Frequency (above) per Imagery / Raster Type is recommended (not required / mandated) as 

this value can vary depending on the factors outlined in Section 2.5: Imagery / Raster Costs. 

2.2 Imagery / Raster Accuracy 

 

To understand the recommended levels of accuracy in imagery and raster products, the following 

information was gathered from the US Army Corps of Engineers (USACE) Engineering and Design 

‘Photogrammetric and LiDAR Mapping’ (EM 1110-1-1000 | 30 April 2015) Engineer Manual; Chapter 3: 

Applications and Accuracy Standards. The reader is encouraged to consult this source document for a 

more comprehensive understanding of vertical and horizontal accuracy regarding imagery and raster 

data. 

Almost all mapping today is performed with digital cameras or LiDAR for which map scale and contour 

interval can be manipulated by clicking on a zoom button, but without any improvement in accuracy. 

Since ASPRS published its Accuracy Standards for Large-Scale Maps in 1990, the NSSDA (1998), 

NDEP (2004), and ASPRS (2004) standards and guidelines were developed for digital geospatial data, 
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but without accuracy thresholds preferred by many. FEMA (2010) established vertical accuracy 

thresholds, unique to floodplain mapping, using all technologies; and USGS (Heidemann, 2012, and 

Heidemann, 2014) both established standard vertical accuracy thresholds for LiDAR data only. Until 

recently, little has been done to address accuracy standards for planimetric mapping and digital 

orthoimagery produced from digital metric cameras. To address this need, the ASPRS Positional 

Accuracy Standards for Digital Geospatial Data (ASPRS, 2014) (see Appendix C, EM 1110-1-1000 | 30 

April 2015) were developed and are hereby endorsed for IGI&S use. Aligned with ASPRS, 2014, the 

USACE horizontal map accuracy standards (referenced in tables 2-5) for digital orthoimages, regardless 

of pixel size, include three standard levels: (1) for highest accuracy work, (2) for standard mapping and 

GIS work, and (3) for visualization and less accurate work. Whether digital geospatial data are 

orthophotos, planimetric data, or elevation data, the horizontal accuracy class is based on RMSEx, 

RMSEy and/or RMSEr (Table 3-1, EM 1110-1-1000) and the vertical accuracy class is based on RMSEz 

(Table 3-2, EM 1110-1-1000). Although ASPRS tables are totally metric, English units are equally 

applicable. 

2.2.1  LiDAR NPD and NPS 

 

In Table 2 and Table 3, Nominal Point Density (NPD) and Nominal Point Spacing (NPS) are geometrically 

inverse methods to measure the pulse density or spacing of a LiDAR collection. NPD is a ratio of the 

number of points to the area in which they are contained, and is typically expressed as pulses per square 

meter (ppsm or pts/m2). NPS is a linear measure of the typical distance between points and is most often 

expressed in meters. Although either expression can be used for any dataset, NPD is usually used for 

LiDAR collections with NPS <1, and NPS is used for those with NPS ≥1. Both measures are based on all 

1st (or last)-return LiDAR point data as these return types each reflect the number of pulses. Conversion 

between NPD and NPS is accomplished using the formulas: NPS = 1/√𝑁𝑃𝐷, and NPD = 1/NPS2. 

Although typical point densities are listed in these tables for specified vertical accuracies, users can select 

higher or lower point densities to best fit project requirements and complexity of surfaces to be modeled. 

For example, the National Enhanced Elevation Assessment (NEEA) specified Quality Level 1 (QL1) 

LiDAR as having the same vertical accuracy as QL2 LiDAR, but with higher point density of 8 pts/m2. 

Vertical 
Accuracy 

Class 

Absolute Accuracy 

Recommended 
Minimum NPD 

(pts/m2) 

Recommended 
Maximum NPS 

(m) 
RMSEz Non-

Vegetated (cm) 

NVA at 95% 
Confidence Level 

(cm) 

1-cm 1 2 ≥ 20 ≤ 0.22 

2.5-cm 2.5 4.9 16 0.25 

5-cm 5 9.8 8 0.35 

10-cm 10 19.6 2 0.71 

15-cm 15 29.4 1 1 

20-cm 20 39.2 0.5 1.4 

33.3-cm 33.3 65.3 0.25 2 

66.7-cm 66.7 130.7 0.1 3.2 

100-cm 100 196 0.05 4.5 

333.3-cm 333.3 653.3 0.01 10 

Table 2: Examples for Vertical Accuracy and Recommended LiDAR Point Density (Metric Units) 
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Vertical 
Accuracy 

Class 

Absolute Accuracy 
Recommended 
Minimum NPD 

(pts/m2) 

Recommended 
Maximum NPS 

(m) 
RMSEz Non-

Vegetated (inch) 

NVA at 95% 
Confidence Level 

(inch) 

1-inch 1 2 ≥ 16 ≤ 0.25 

2-inch 2 3.9 8 0.35 

3-inch 3 5.9 4 0.5 

4-inch 4 7.8 2 0.71 

6-inch 6 11.8 1 1 

9-inch 9 17.6 0.5 1.41 

12-inch 12 23.5 0.25 2 

24-inch 24 47 0.1 3.16 

36-inch 36 70.6 0.05 4.47 

60-inch 60 117.6 0.025 6.33 

Table 3: Examples for Vertical Accuracy and Recommended LiDAR Point Density (English Units) 

2.2.2  Recommended Horizontal Accuracy Standards for Orthoimagery 

 

The relationship between the recommended RMSEx and RMSEy accuracy class and the orthoimagery 

pixel size varies depending on the imaging sensor characteristics and the specific mapping processes 

used. The appropriate horizontal accuracy class must be negotiated and agreed upon between the end 

user and the data provider, based on specific project needs and design criteria. This section provides 

useful, experience based guidance to assist in making that decision. 

Table 4 (metric units) and Table 5 (English units) provide general guidelines to determine the appropriate 

orthoimagery accuracy class for three different levels of geospatial accuracy. Values listed as “Highest 

accuracy” specify an RMSEx and RMSEy accuracy class of 1-pixel (or better) and are considered to 

reflect the highest tier accuracy for the specified resolution given current technologies; this accuracy class 

is appropriate when geospatial accuracies are of higher importance and when the higher accuracies are 

supported by sufficient sensor, ground control and DTM accuracies. Values listed as “Standard high 

accuracy” specify a 2-pixel RMSEx and RMSEy accuracy class; this accuracy is appropriate for a 

standard level of high quality and high accuracy geospatial mapping applications and is equivalent to 

ASPRS 1990 Class 1 accuracies of the past. This level accuracy is typical of a large majority of IGI&S 

projects designed to legacy standards. RMSEx and RMSEy accuracies of 3 or more pixels would be 

considered appropriate for “Lower accuracy -visualization” when higher accuracies are not needed. Users 

should be aware that the use of the symbol ≥ in Tables 4 and 5 is intended to infer that users can specify 

larger threshold values for RMSEx and RMSEy. The symbol ≤ in these tables indicate that users can 

specify lower thresholds at such time as they may be supported by current or future technologies. The 

orthoimagery pixel sizes and associated RMSEx and RMSEy accuracy classes presented in Tables 4 and 

5 are largely based on experience with current sensor technologies and primarily apply to large and 

medium format metric cameras. These tables are only provided as a guideline, and may change in the 

future as mapping technologies continue to advance and evolve. The final choice of both image resolution 

and final product accuracy class depends on specific project needs and is the sole responsibility of the 

end user; this should be negotiated with the data provider and agreed upon in advance. 
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Common 
Orthoimagery 

Pixel Sizes 

Recommended 
Horizontal Accuracy 

Class RMSEx & RMSEy 
(cm) 

Orthoimage RMSEx 
& RMSEy in terms 

of pixels 
Recommended use 

1.25 cm 

≤1.25 ≤1-pixel Highest accuracy 

2.5 2-pixels Standard high accuracy 

≥3.75 ≥3-pixels Lower accuracy - visualization 

2.5 cm 

≤2.5 ≤1-pixel Highest accuracy 

5 2-pixels Standard high accuracy 

≥7.5 ≥3-pixels Lower accuracy - visualization 

5 cm 

≤5 ≤1-pixel Highest accuracy 

10 2-pixels Standard high accuracy 

≥15 ≥3-pixels Lower accuracy - visualization 

7.5 cm 

≤7.5 ≤1-pixel Highest accuracy 

15 2-pixels Standard high accuracy 

≥22.5 ≥3-pixels Lower accuracy - visualization 

15 cm 

≤15 ≤1-pixel Highest accuracy 

30 2-pixels Standard high accuracy 

≥45 ≥3-pixels Lower accuracy - visualization 

30 cm 

≤30 ≤1-pixel Highest accuracy 

60 2-pixels Standard high accuracy 

≥90 ≥3-pixels Lower accuracy - visualization 

60 cm 

≤60 ≤1-pixel Highest accuracy 

120 2-pixels Standard high accuracy 

≥180 ≥3-pixels Lower accuracy - visualization 

1 meter 

≤100 ≤1-pixel Highest accuracy 

200 2-pixels Standard high accuracy 

≥300 ≥3-pixels Lower accuracy - visualization 

2 meter 

≤200 ≤1-pixel Highest accuracy 

400 2-pixels Standard high accuracy 

≥600 ≥3-pixels Lower accuracy - visualization 

Table 4: Digital Orthophotography Accuracy Examples for Current Metric Large and Medium 
Format Cameras (Metric Units) 
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Common 
Orthoimagery 

Pixel Sizes 

Recommended 
Horizontal Accuracy 

Class RMSEx & RMSEy 
(inch) 

Orthoimage RMSEx 
& RMSEy in terms 

of pixels 
Recommended use 

1 inch 

≤1 ≤1-pixel Highest accuracy 

2 2-pixels Standard high accuracy 

≥3 ≥3-pixels Lower accuracy - visualization 

2 inch 

≤2 ≤1-pixel Highest accuracy 

4 2-pixels Standard high accuracy 

≥6 ≥3-pixels Lower accuracy - visualization 

3 inch 

≤3 ≤1-pixel Highest accuracy 

6 2-pixels Standard high accuracy 

≥9 ≥3-pixels Lower accuracy - visualization 

4 inch 

≤4 ≤1-pixel Highest accuracy 

8 2-pixels Standard high accuracy 

≥12 ≥3-pixels Lower accuracy - visualization 

6 inch 

≤6 ≤1-pixel Highest accuracy 

12 2-pixels Standard high accuracy 

≥18 ≥3-pixels Lower accuracy - visualization 

9 inch 

≤9 ≤1-pixel Highest accuracy 

18 2-pixels Standard high accuracy 

≥27 ≥3-pixels Lower accuracy - visualization 

12 inch 

≤12 ≤1-pixel Highest accuracy 

24 2-pixels Standard high accuracy 

≥36 ≥3-pixels Lower accuracy - visualization 

24 inch 

≤24 ≤1-pixel Highest accuracy 

48 2-pixels Standard high accuracy 

≥72 ≥3-pixels Lower accuracy - visualization 

36 inch 

≤36 ≤1-pixel Highest accuracy 

72 2-pixels Standard high accuracy 

≥108 ≥3-pixels Lower accuracy - visualization 

Table 5: Digital Orthophotography Accuracy Examples for Current Metric Large and Medium 
Format Cameras (English Units) 

For Tables 4 and 5, it is the pixel size of the final digital orthoimagery that is used to associate the 

horizontal accuracy class, not the Ground Sample Distance (GSD) of the raw image. When producing 

digital orthoimagery, the GSD as acquired by the sensor (and as computed at mean average terrain) 

should not be more than 95% of the final orthoimage pixel size. In extremely steep terrain, additional 

consideration may need to be given to the variation of the GSD across low lying areas in order to ensure 

that the variation in GSD across the entire image does not significantly exceed the target pixel size. In all 

cases, the orthoimage mosaic seamline maximum mismatch is 2 times the value for RMSEx and RMSEy, 

and horizontal accuracy at the 95% confidence level is 2.4477 x the value for RMSEx and RMSEy. 
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2.3 Imagery Use Cases 

2.3.1 Site Planning 

 

Definition:  Providing detailed, architectural and / or engineering information on buildings, utilities and 

landscaping for a given lot or lots; a site plan encompasses proposed improvements to said lot(s) and 

how that improvement relates to other contiguous (or sometimes non-contiguous) parcels of land. 

Recommendation: When creating Installation site plans, the use of Orthophotography using the *.sid 

(MrSID) file format is recommended.  If other raster types are used, preferred formats are highlighted 

below: 

• High-Resolution Satellite Imagery1 

o The preferred file types are *.sid (MrSID)2, *.img2 and *.NITF3. 

o Recommended Update Frequency: Quarterly 

• LiDAR 

o The preferred file type is *.las4. 

o Recommended Update Frequency: 3 years 

• Multi-Spectral Satellite Imagery 

o The preferred file types are equally ranked between *.img2, (geo) *.tiff5, *.jpeg20006, 

*.tiff5, *.sid (MrSID)2 and *.NITF3. 

o Recommended Update Frequency: Annually 

• Oblique Imagery 

o The preferred file type is *.ecw6. 

o Recommended Update Frequency: 3 years 

• Orthophotography 

o The preferred file type is *.sid (MrSID)2, with *.tiff5 serving as a secondary preference. 

o Recommended Update Frequency: 3 years 

2.3.2 Environmental Assessments 

 

Definition:  Environmental Assessments (EA’s) are conducted to provide evidence and analysis to 

decision makers regarding potential environmental impacts resulting from a proposed plan, project or 

policy. EA’s are typically done in response to federal, state, or local statutes.  All data collected during 

these assessments which are derived from GIS, aerial imagery and the like should meet pertinent quality 

standards that are accepted by the IGI&S and DoD environmental communities and applicable laws, 

regulations, and policies. 

 
1 A ‘Quarterly’ update frequency may not be sufficient for expeditionary Sites, or certain Installations where a large number of 
construction projects are occurring simultaneously. 

2 See Appendix C.C4 (B.5.ii) 

3 See Appendix C.C4 (B.1) 

4 ASPRS LAS 1.4 Format Specification, November 14, 2011 
(http://www.asprs.org/a/society/committees/standards/LAS_1_4_r13.pdf) 

5 See Appendix C.C4 (B.10.i) 

6 See Appendix C.C4 (C.1) 
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Recommendation: When conducting EA’s for DoD projects, the use of either LiDAR data (point cloud) 

using the *.las file extension or Orthophotography using the *.sid (MrSID) file extension is 

recommended.  If other raster types are used, preferred formats are highlighted below: 

• High-Resolution Satellite Imagery 

o The preferred file types are *.sid (MrSID)2, *.tiff5 and *.NITF3. 

o Recommended Update Frequency: Annually 

• LiDAR 

o The preferred file type is *.las4. 

o Recommended Update Frequency: 3 years 

• Multi-Spectral Satellite Imagery 

o The preferred file types are *.tiff5, *.img2 and *.NITF3. 

o Recommended Update Frequency: Annually 

• Oblique Imagery 

o The preferred file type is *.ecw6. 

o Recommended Update Frequency: As Needed 

• Orthophotography 

o The preferred file type is *.sid (MrSID)2 with (geo) *.tiff5 and *.tiff5 serving as secondary 

preferences. 

o Recommended Update Frequency: 5 years 

2.3.3 Feature Extraction 

 

Definition: Feature Extraction is a fundamental method of geospatial data creation which relies upon high 

resolution digital imagery (aerial / satellite) or hardcopy photos.  The imagery is examined using digital or 

manual means, and then the shapes or patterns detected are converted into GIS data. The resulting 

dataset(s) can take the form of point, line (arc), or polygon features (limited to the extents of the source 

imagery).  These datasets must include accompanying metadata to document when and how the data 

was extracted. 

Recommendation: When performing feature extraction, the use of either LiDAR data (point cloud) using 

the *.las file extension or Orthophotography using the *.sid (MrSID) file extension is recommended.  If 

other raster types are used, preferred formats are highlighted below: 

• High-Resolution Satellite Imagery 

o The primary preferred file type is *.tiff5 with *.sid (MrSID)2, *.img2, (geo) *.tiff5 and *.NITF3 

serving as secondary preferences. 

o Recommended Update Frequency: Annually 

• LiDAR 

o The preferred file type is *.las4. 

o Recommended Update Frequency: 3 years 

• Multi-Spectral Satellite Imagery 

o The preferred file types are *.img2, *.tiff5, *.sid (MrSID)2 and *.NITF3. 

o Recommended Update Frequency: 3 years 

• Oblique Imagery 

o The preferred file type is *.ecw6. 

o Recommended Update Frequency: 3 years 
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• Orthophotography 

o The preferred file type is *.sid (MrSID)2 with *.tiff5 serving as a secondary preference. 

o Recommended Update Frequency: 3 years 

2.3.4 Feature Classification 

 

Definition: Feature Classification is the grouping of collected geospatial data into logical sets that provide 

further details about the data necessary for analysis and / or location-based mapping; e.g., a point 

classified to a fire hydrant, a line classified to a road class and a polygon classified to a land use (LU) 

type. 

Recommendation: When performing feature classification, the use of either High-Resolution Satellite 

Imagery using the *.sid (MrSID) file extension, LiDAR data (point cloud) using the *.las file extension or 

Orthophotography using either the *.sid (MrSID) or *.tiff file extensions are recommended.  If other 

raster types are used, preferred formats are highlighted below: 

• High-Resolution Satellite Imagery 

o The preferred file types are *.sid (MrSID)2 and *.NITF3. 

o Recommended Update Frequency: 2 years 

• LiDAR 

o The preferred file type is *.las4. 

o Recommended Update Frequency: 3 years 

• Multi-Spectral Satellite Imagery 

o The preferred file types are *.img2, *.tiff5 and *.NITF3. 

o Recommended Update Frequency: 2 years 

• Oblique Imagery 

o The preferred file type is *.ecw6. 

o Recommended Update Frequency: 3 years 

• Orthophotography 

o The preferred file types are *.sid (MrSID)2 and *.tiff5. 

o Recommended Update Frequency: 3 to 5 years 

2.4 Raster Use Cases 

2.4.1 Obstruction Studies 

 

Definition: Obstruction Studies are conducted to identify any structure that may impede on the navigable 

airspace.  Examples are buildings, roads or railways over a certain (standard) height, as well as any other 

construction that may impede the flight paths surrounding an airport. 

Recommendation: When conducting these studies, the use of LiDAR data (point cloud) using the *.las 

file extension is recommended.  If other raster types are used, preferred formats are highlighted below: 

• High-Resolution Satellite Imagery 

o The preferred file types are *.sid (MrSID)2, *.tiff5 and (geo) *.tiff5. 

o Recommended Update Frequency: 2 years 
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• LiDAR 

o The preferred file type is *.las4 with their secondary preference being *.img2. 

o Recommended Update Frequency: 3 years 

• Multi-Spectral Satellite Imagery 

o The preferred file type is *.sid (MrSID)2. 

o Recommended Update Frequency: As Needed 

• Oblique Imagery 

o The preferred file type is *.ecw6. 

o Recommended Update Frequency: 3 years 

• Orthophotography 

o The preferred file type is *.sid (MrSID)2. 

o Recommended Update Frequency: 5 years 

2.4.2 Contouring / Elevation Mapping 

 

Definition: In order to show the varying slopes of the Earth, elevation points with heights above or below 

sea level are grouped together into continuous lines to form contour lines – otherwise known as contours.  

Mapping this data generates (topographic) contour maps for planners and the like to use for numerous 

purposes; including slope analysis. 

Recommendation: To perform contour / elevation mapping, the use of LiDAR data (point cloud) using 

either the *.las or *.img file extensions is recommended.  If other raster types are used, preferred formats 

are highlighted below: 

• High-Resolution Satellite Imagery 

o The preferred file types are *.sid (MrSID)2 and Cloud Service7. 

o Recommended Update Frequency: 2 years 

• LiDAR 

o The preferred file types are *.las4 and *.img2. 

o Recommended Update Frequency: 3 to 5 years 

• Multi-Spectral Satellite Imagery 

o The preferred file types are *.img2, (geo) *.tiff5, *.sid (MrSID)2 and DEM8. 

o Recommended Update Frequency: As Needed 

• Orthophotography 

o The preferred file types are *.sid (MrSID)2 and Cloud Service7. 

o Recommended Update Frequency: 5 years 

  

 
7 Information technology, Service management, Part 9: Guidance on the application of ISO/IEC 20000-1 to cloud services [ISO/IEC 
TR 20000-9:2015] 

8 National Mapping Program, Technical Instructions, Part 2 Specifications: Standards for Digital Elevation Models 
(http://nationalmap.gov/standards/pdf/2DEM0198.PDF) 15-Mar-16 
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2.4.3 Hydrographic Mapping / Modeling 

 

Definition: Hydrographic Mapping can focus on the delineation of waterbodies – including their depths 

(bathymetry) and / or the analysis that can be performed with the hydrographic data; e.g., the creation of 

flood zones for insurance and community outreach purposes, the impacts of dredging and maritime 

construction on coastal habitats, etc. 

Recommendation: To perform this type of mapping / modeling, the use of LiDAR data (point cloud) using 

the *.las file extension is recommended.  If other raster types are used, preferred formats are highlighted 

below: 

• High-Resolution Satellite Imagery 

o The preferred file type is *.sid (MrSID)2. 

o Recommended Update Frequency: 2 years 

• LiDAR 

o The preferred file type is *.las4. 

o Recommended Update Frequency: 3 to 5 years 

• Multi-Spectral Satellite Imagery 

o The preferred file types are *.img2 and *.tiff5. 

o Recommended Update Frequency: 2 years 

• Orthophotography 

o The preferred file type is *.sid (MrSID)2 with *.img2 and *.tiff5 serving as their secondary 

preferences. 

o Recommended Update Frequency: 5 years 

2.4.4 Line of Sight (LOS) Studies 

 

Definition: Line of Sight (LOS) Studies are conducted in order to identify potential view obstructions in / 

around airports and other facilities where aircraft are used. 

Recommendation: To perform these studies, the use of LiDAR data (point cloud) using either the *.las or 

*.img file extensions.  If other raster types are used, preferred formats are highlighted below: 

• High-Resolution Satellite Imagery 

o The preferred file types are *.sid (MrSID)2, *.img2 and (geo) *.tiff5. 

o Recommended Update Frequency: 2 years 

• LiDAR 

o The preferred file types are *.las4 and *.img2. 

o Recommended Update Frequency: 3 years 

• Multi-Spectral Satellite Imagery 

o The preferred file types are *.img2, (geo) *.tiff5, *.sid (MrSID)2 and DEM8. 

o Recommended Update Frequency: 2 years 

• Oblique Imagery 

o The preferred file type preference is *.sid (MrSID)2. 

o Recommended Update Frequency: 5 years 

• Orthophotography 

o The preferred file type preference is Cloud Service7. 

o Recommended Update Frequency: 5 years 
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2.4.5 Surface (3D) modeling 

 

Definition: In regards to the Geospatial Community, Surface Modeling is typically a result of contour / 

elevation mapping.  That result, which depicts the surface of the Earth, can be used for visualization and 

further analysis that couldn’t otherwise be conducted with two-dimensional geospatial data. 

Recommendation: When performing this type of modeling, the IGI&S Community recommends the use of 

LiDAR data (point cloud) using the *.las file extension.  This recommendation is based on the input 

gathered from the DoD Components, and is highlighted below: 

• High-Resolution Satellite Imagery 

o The preferred file types are *.sid (MrSID)2 and *.img2. 

o Recommended Update Frequency: 2 years 

• LiDAR 

o The preferred file type is *.las4 with their secondary preference being *.img2. 

o Recommended Update Frequency: 3 years 

• Multi-Spectral Satellite Imagery 

o The preferred file type preference is *.img2. 

o Recommended Update Frequency: 2 years 

• Orthophotography 

o The preferred file type preference is *.sid (MrSID)2. 

o Recommended Update Frequency: 3 years 

2.5 Imagery / Raster Costs 

 

The DISDI Program will periodically gather imagery cost information for the IGI&S Community and publish 

it as part of the IGG Imagery Handbook. See that document for more details on planning factors and 

other reference information related to imagery / raster costs. 

When researching the acquisition of any type of imagery, it is recommended to take into the consideration 

one – or a combination of – the following factors when calculating the financial cost (listed alphabetically): 

• Access Restrictions (of the acquired data) 

o Will the data be Classified or Non-Classified 

• Budget 

o Contractual constraints on acquisition costs and resources 

• Contractor Assets 

o Availability of aerial sensors, flight crew, imagery processing crew and software 

• Delivery Timeframe 

o Imagery capture and processing constraints 

• Existing Surface Data Available 

o Data for rectifying the raw image files 

• Ground Surveying Requirements 

o Is the area remote or easily accessed, within a distance to control points 

• Location of the Site 

o Aircraft ability to fly in certain airspace (avoiding restricted airspace often means less 

efficient flight routes) 

• Mobilization and De-Mobilization to the Site 
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o Are there active, military operations on-going at the site 

• Product Deliverables 

o Digital, georeferenced, hardcopy maps, etc. 

• Resolution of Imagery / LiDAR 

o Does the imagery show the level of detailed desired  

• Sensor / Aircraft Used 

o Does the sensor capture the type of imagery required 

• Terrain Characteristics 

o Does the topography of the land impede the acquisition of the imagery 

• Time of Year Requested 

o Leaf-on, leaf-off, cloud cover, day / night 

2.5.1 LiDAR Acquisition Cost Summary 

 

The resolution for LiDAR data (point cloud) is measured in NPS or Nominal Pulse Spacing.  Based on 

information provided by Raster subject matter experts (SMEs), the typical cost for gathering LiDAR data 

at low altitudes (ranges from 0 to 10 square miles) is significantly higher per square mile than gathering / 

acquiring imagery at ranges from 11 to 20,000 square miles.  Furthermore as the range size increases - 

and the cost decreases - the NPS / resolution degrades. 

 

Figure 1: LiDAR Pricing 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

$0

$5,000

$10,000

$15,000

$20,000

0 - 10 11 - 50 51 - 100 101 - 500 501 -
1000

1001 -
20000

R
e

so
lu

tio
n

 N
P

SC
o

st
 /

 S
q

. 
M

ile

Sq. Mile Range

LiDAR Pricing (Fall, 2015):
Cost / Sq. Mile to Resolution NPS



  SDSFIE - Raster 

19 
 

2.5.2 Oblique Imagery Acquisition Cost Summary 

 

Pricing for typical IGI&S Oblique Imagery is best categorized by the following GSDs: 7.5cm, 15cm and 

22.8cm.  Typical cost ranges for these GSDs are described below. 

The typical cost per square mile to capture 7.5cm GSD Obliques for ranges spanning between 11 and 

100 square miles is significantly higher than mid to large ranges.  In this case, mid to large ranges span 

101 to 1,000 square miles. 

 

Figure 2: Oblique Imagery Pricing (7.5cm) 

 

The typical cost per square mile for 15cm GSD resolution Obliques ranges between approximately $400 

and $500 per square mile at ranges spanning 101 to 500 square miles. 

 

Figure 3: Oblique Imagery Pricing (15cm) 
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The typical / maximum cost per square mile for 22.8cm GSD resolution Oblique imagery is approximately 

$120 per square mile at ranges from 1,000 to 20,000 square miles. 

 

Figure 4: Oblique Imagery Pricing (22.8cm) 
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3 An Overview of Raster Data 

3.1 What is Raster Data? 

 

It is important to establish the meaning of the term “raster” to determine the scope of this SDSFIE-R 

document and its annex, the Raster Standard Compendium. 

The traditional meaning of “raster”, as defined in ISO 191239, is completely inadequate to describe the 

broad use of “raster” data today.  Applications of raster data reach far beyond the display of sampled data 

on a screen.  Raster standards such as the National Imagery Transmission format (NITF) are used to 

transport and exchange a variety of multi-modal, multi-dimensional data collections.  This includes, but is 

not limited to multispectral data, hyperspectral data, elevation data, RADAR data, LiDAR and other 

sampled coverage data, that include regularly sampled gridded data and irregularly sampled semi-

gridded data. 

For the purpose of the document, “raster” refers to regularly and irregularly gridded, 2D and 

multidimensional data.  Some irregularly gridded, multidimensional data such as LiDAR and RADAR may 

sometimes be characterized as vector data.  NITF treats such sources as raster data, and will therefore 

be treated as raster data in this compendium. 

Sampled data may be sampled at regular spatial intervals; this is known as regular gridded data, because 

data is sampled at regular spatial intervals.  Numerical data sampled at irregular spatial and / or temporal 

intervals and irregularly sampled data may be stored in formats that are typically considered image or 

raster formats, such as NITF and TIFF.  In addition, irregular sampled data may be resampled, 

reprocessed, or sub-sampled into regular sampled data and stored as raster data, and visualized as 

‘images’.  An example of this process is the conversion of multi-return LiDAR Level 0 data or complex 

RADAR data into elevation products such as Digital Terrain Elevation Data (DTED).  In both instances, 

the irregularly sampled ‘raw’ data can be stored in a raster format ‘NITF’ and visualized as ‘images’, 

although the primary value of such data is analytical, not direct visualization. 

3.1.1 Regular-Gridded Raster Data 

 

Data that is sampled at regular spatial intervals in two or more dimensions and logically stored in 

sequential order is known as regularly gridded raster data. Traditional digital photographic images fall into 

this category. Common standards used for these purposes include JPEG/JFIF and Tagged Image File 

Format (TIFF). Screen captures and rasterized maps also fall into this category. Standards used for this 

data include Portable Network Graphics (PNG), and Graphics Exchange Format (GIF).   

Other sources of sampled coverages include elevation data, such as Digital Terrain Elevation Data 

(DTED) and United States Geological Survey Digital Elevation Model (USGS DEM). It must be noted that 

other forms of elevation data may be characterized as irregular gridded data. 

 
9 ISO 19123 defines a raster as a rectangular [2D] pattern of parallel scanning lines forming or corresponding to the display on a 
cathode ray tube. 
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3.1.2 Irregular-Gridded Raster Data and Semi-Gridded Raster Data 

 

Data that is sampled at irregular spatial intervals in two or more dimensions and logically stored in 

sequential order (disregarding compression) is known as irregularly gridded data. Included in this 

category is raw LiDAR, bathometric sounding data and RADAR return data. 

Common standards used for these purposes include ASPSR/LAS, Bathymetric Surface Product 

Specification S 102 (S 102), and Sensor Independent Complex Data (SICD), respectively.  

Raster standards such as the NITF are used to transport a variety of multi-modal, multi-dimensional data 

collections. This includes, but is not limited to multispectral data, hyperspectral data, elevation data, 

RADAR data, LiDAR and other sampled coverage data, that include regularly sampled gridded data and 

irregularly sampled semi-gridded data. 

3.1.3 Multi-temporal Raster Data (Video and Motion Imagery) 

 

Image (raster) data that is sampled at temporal intervals, and logically stored in sequential order 

(disregarding compression) is known as motion imagery. The distinction between motion imagery and 

video is somewhat arbitrarily determined by the sampling rate. Sampling that occurs at greater than one 

(1) sample per seconds is considered video, and sampling frequency at less than one sample per second 

is motion imagery. Video sampled at frame rates below 15 samples (or frames) per second (fps) support 

full motion analysis, and is often called full-motion video (FMV). 

3.1.4 Imagery Geospatial Models 

 

Earth imagery collected via satellites or aerial photography contains supporting metadata that allows 

software to transform image coordinates (row and column) into geospatial coordinates and vice-versa. 

The nature of this metadata and the mathematical models required to coordinates between coordinate 

systems varies depending on the level of processing applied to the raster data. There are three basic 

geometry models -- oblique, rectified, and orthogonal -- used to describe earth imagery. 

As coordinate accuracy and photo realism perform increasingly important roles in all DoD systems, 

increasingly sophisticated image geometry models are required in DoD systems. 

3.1.4.1 Orthogonal Imagery 

 

Earth imagery that is collected by looking straight down at the ground is known as orthogonal imagery, or 

ortho-imagery. Imagery collected in this manner to introduce as little obliqueness into the imagery as 

possible are called Mapping, Charting and Geodesy (MC&G) images. In practice, it is impossible for every 

sampled pixel in an image to be completely orthogonal (Nadir), even if the sensor is oriented exactly 

orthogonal to the earth’s surface. Pixels that are off-Nadir (not completely orthogonal) are collected at 

some small oblique angle. In some situations, this oblique angle is negligible, but in most situations, 

additional processing is required to compensate for these distortions, as will be discussed in the section 

on Ortho-rectification. 
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3.1.4.2 Oblique Imagery 

 

Imagery that is intentionally collected at some angle that is not orthogonal (looking straight down) is called 

oblique imagery. Oblique imagery is useful for seeing not only the top surface on the ground, but also the 

sides of features, such as buildings and trees, and in circumstances when it is necessary to view and 

measure all sides of an object10. Oblique imagery is commonly used in emergency management, 

defense, intelligence, community planning, and property assessment situations where orthogonal imagery 

is insufficient to address the mission requirements. Building facades may be automatically derived from 

oblique imagery to support geo-specific photorealistic modeling and simulation of 3D ground features. 

Oblique imagery may also be collected or exploited in sets of two or more images with similar ground 

coverage but different collection angles to produce stereo image sets11, which may be used to view 

features in stereo, or to perform stereo or 3D photogrammetry. 

Oblique image geometry models offer certain advantages when additional down-stream analysis and 

processing of the imagery is required. These advantages include the preservation of radiometric and 

spatial integrity of the sample data, preservation of error information, and preservation of collection 

geometry angles. Preservation of these properties is particularly important when precise measurement of 

spatial relationships within the image is important, such as during mensuration or stereo image analysis. 

In either case, the preservation of collection angles, radiometric and spatial information is critical to spatial 

and radiometric analysis. 

The tradeoff that must be made to preserve this information is a more complicated geometry model that 

typically requires a rigorous projection model, or a replacement projection model to describe the 

transformation between image and ground coordinates. This transformation may include models for error 

propagation, radiometric resampling coefficients and 3D ground coordinate measuring capabilities. 

Examples of such models and metadata standards that define the relationship between the raster pixels 

and ground coordinates include Replacement Sensor Model [RSM], Rational Polynomial Coefficient 

[RPC], Community Sensor Model [CSM] and Frame Sensor Model [FSM]. The relationship between these 

models, the image raster data, the image metadata, and the coordinate transformations that are possible 

are highly interdependent and beyond the scope of this document, but may be discerned from careful 

examination of the correspondent standard documents referenced above. 

3.1.4.3 Rectified Imagery 

 

Raster data consisting of rasterized earth imagery for use in maps and charts are frequently reprocessed 

to align the pixels to map coordinates, so that rows and columns in the image correspond to map 

coordinates in a map projection. Images processed in this way are known as rectified images, and are 

commonly used in GIS systems and mapping software. 

The rectification process uses pixel interpolation to resample the image pixels in correspondence to the 

map coordinate. The trade-off for the simplified spatial relationship between image pixels and map 

 
10 Note that a single oblique imagery can capture at most two sides of an object. Two or more images with similar coverage from a 
different azimuth angle is required to cover all sides. Obstructions may occlude some features regardless of the collection angle. 

11 Stereo image visualization requires that the scene captured in the images be the same scene from different angles. Any inherent 
differences in the scene between images (such as images taken under different lighting, cloud or seasonal conditions) should be 
avoided. 
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coordinates during the rectification process is a loss of radiometric, spatial and error information 

associated with the original image collected. Thus error propagation, spatial and radiometric correction 

are no longer possible in the resulting rectified image. The spatial and radiometric resampling process 

that occurs as a result of rectification requires generalizations about coordinate and radiometric accuracy 

(which varies per-pixel in the source image), and thus rectified images often contain accuracy assurances 

that apply to all or, or a portion of the image pixels; however, no pixel-specific accuracy information is 

available. 

The alignment of image pixel samples with well-known map projections is often used to delivery image 

raster data using commercial web image delivery standards. Standards such as PNG, JPEG and GIF can 

be used to transport images organized in this way, even though these standard do not explicitly support 

geospatial images and do not geospatial metadata. 

This technique is frequently applied when image tiles are delivered via web services, such as OGC Web 

Map Service, Web Map Tile Service (WMTS), other open source image/map tile services, or proprietary 

image/map tile services, such as Google Maps, Map Quest, Bing, or Yahoo. In these services, images 

and raster maps are broken into small rectangular grids of image section or tiles, where each tile 

corresponds to a map section bounded by map coordinates. Image service standards will be discussed in 

the section on Open Geospatial Consortium standards. 

3.1.4.4 Ortho-Rectified Imagery Models 

 

As mentioned previously, it is practically impossible for every sampled pixel in an orthogonal image 

collection to be perfectly orthogonal (Nadir), even if the sensor is theoretically oriented exactly orthogonal 

to the earth’s surface at the center of the sensor. Even small off-nadir collection angles result in errors in 

pixel geolocation due to oblique collection angles. These errors result in terrain displacement or 

topographic displacement in the image. Other factors, such as atmospheric effects and camera model 

variance result in additional pixel geolocation and radiometric errors. 

The cumulative impact of displacement and other errors can result in pixel location errors exceeding tens 

or hundreds of meters, particularly in mountainous areas. Orthogonal image rectification or Ortho-

Rectification algorithms utilize terrain models and camera geometry correction algorithms to correct for 

these distortions (geometric and radiometric) to “move” pixels to their correct location and adjust the 

radiometric value. 

In addition to displacement errors, vertical features and terrain features collected from oblique angles may 

occlude ground pixels that would be visible if collection occurred at nadir, resulting in small gaps of scene 

coverage when displacement correction is applied. To compensate, overlapping image coverage is used 

in Ortho-Rectification to produce a single orthogonally rectified image pixel with no gaps in pixel coverage 

(at least in the overlapping image coverage area). 
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Figure 5: Terrain and Feature Displacement Due to Oblique Collection Geometry 

 

 

 

 

Figure 6: Overlapping Coverages 

 

Differences in the scene due to moving features (cars), radiometric changes due to atmospheric 

conditions (clouds), or to lighting changes (sunlight), may require additional processing to synthesize an 

orthogonal, rectified image that serves as a suitable replacement for a map. 
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Figure 7: Ortho-Rectification and Source Imagery 

 

 

Figure 8: Orthogonal View12 

 
12 (Pictometry) http://pol.jocogov.org/efs/php/default.php?lat=38.883738&lon=-94.819184&v=p&o=n&type=ob&level=n 
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Figure 9: Raw Image to Rectified Image 

 

Image A is a raw image with a rectangular grid overlaid to illustrate collection pixel alignment. Image B is 

ortho-rectified to compensate for terrain distortion and rectify image into standard map projection. 

3.1.5 Elevation and other Analytical Raster Data 

 

Gridded coverage data may be utilized not only for direct display (images, raster maps), but may also be 

used as analytical source data. Common examples include elevation, and bathymetric data, cloud 

coverage, wind velocity, wind direction, aerosol dispersion, soil percolation and other environmental data. 

These coverages may be encoded as regular gridded elevation samples (postings), stored in raster 

formats such as TIFF and NITF, and visualized directly by mapping pixel intensity to elevation, velocity, 

dispersion, etc. as appropriate. Raster coverages such as wind direction do not map well directly to 

radiometric values for display. Some coverages such as elevation are used directly, or algorithmically to 

derive more complex visualizations such as shaded relief, slope maps, and line of sight profiles. 

Although generic raster standards such as PNG, GIF and JPEG 2000 that support lossless compression 

are suitable for encoding analytical data, these formats lack the necessary metadata values to identify 

raster data as geospatial data, describe the data location and accuracy and quality information, and well 

as usage-specific metadata information. 
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4 Formats 

 

When utilizing imagery and raster products for the Use Cases identified in Section 2.0 of this document, 

the IGI&S Community identified common formats that they use to accomplish their mission.  The sub-

sections that follow provide insight into the most common formats identified and the remaining formats 

that are used by the Components. 

4.1 Summary of Common Formats 

 

Based on input gathered from the Components, the file formats most commonly used by the IGI&S 

Community for imagery and raster data are (in descending order): *.img, *.sid (MrSID) and *.tiff: 

 

Figure 10: Most Common File Formats used by IGI&S Community 

4.1.1 ERDAS (IMG) 

 

Multi-layered geo-referenced raster image files developed for use within the ERDAS IMAGINE image 

processing and analysis software. 

4.1.2 MrSID (SID) 

 

Multi-resolution seamless image database; can also be an ASCII SID text file. 
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4.1.3 Tagged Image File Format (TIFF) 

 

The Tagged Image File Format, better known as “TIFF”, is a file format standard for storing and 

interchanging raster images based upon a framework of extensible “tags” or fields. Although TIFF was 

developed to store data originating from scanners and frame grabbers, it has evolved into a general-

purpose raster storage format. A primary goal of TIFF is to provide a rich environment within which 

applications can exchange image data. This richness was required to take advantage of the varying 

capabilities of imaging devices and value-added applications. Though TIFF is a rich format, it can easily 

be used for simple devices and applications as well because the number of required fields to describe an 

image is relatively small. 

4.2 All Other Formats 

 

The remaining imagery / raster file formats that were identified to be used across all of the Use Cases 

identified in Section 2 are as follows: 

4.2.1 Cloud Service 

 

An image cloud service refers to either (a) an imagery service that is hosted offsite and is made available 

to applications through a discrete (at times password-protected) URL or (b) an imagery processing 

service that allows for users without imagery processing software to process their imagery for use within 

either proprietary or Open Source software suites. 

4.2.2 Digital Elevation Model (DEM) 

 

A DEM is represented as a raster (a grid of squares) or as a vector-based triangular irregular network 

(TIN) that comprise a 3D surface. 

4.2.3 Enhanced Compression Wavelet (ECW) 

 

ECW is an image format optimized for aerial and satellite imagery.  Its lossy compression efficiently 

compresses large images with alternating contrast while retaining their quality. 
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4.2.4 GeoTIFF 

 

GeoTIFF is a public domain specification of the content and structure of a group of industry-standard tag 

sets which allow georeferencing information to be embedded within Aldus-Adobe's public domain Tagged 

Image File Format (TIFF) . These tag sets describe geographic and cartographic information associated 

with TIFF imagery that originates from such sources as satellite imaging systems, scanned aerial 

photography, scanned maps, digital elevation models, or as a result of geographic analyses. GeoTIFF tag 

sets may be used to represent map projections, coordinate systems, ellipsoids, datums, and other 

information needed to establish the spatial reference for the imagery or gridded data contained in a 

GeoTIFF file to relate a raster image to a geodetic model and map projection. They are orthogonal to the 

raster-data descriptions of the TIFF specification, and impose no restrictions on how the standard TIFF 

tags are to be interpreted, which color spaces or compression types are to be used, etc. 

GeoTIFF uses a set of reserved TIFF tags to store a broad range of georeferencing information, catering 

to geographic as well as projected coordinate system needs. Projections include UTM, US State Plane 

and National Grids, as well as the underlying projection types such as Transverse Mercator, Lambert 

Conformal Conic, etc. No information is stored in private structures, IFD's or other mechanisms which 

would hide information from naive TIFF reading software. GeoTIFF is fully compliant with TIFF 6.0 so that 

software incapable of reading and interpreting the specialized metadata tags will still be able to open a 

GeoTIFF format file, and should be able to display the image or scanned map data it contains. 

GeoTIFF is widely supported by commercial Geographic Information Systems (GIS) and image 

processing packages, and is widely used within the Department of Defense Intelligence Community 

(DoD/IC) and its interactions with the civil sector and coalition partners. 

4.2.5 JPEG 2000 (JP2) 

 

JPEG 2000 defines a set of lossless (bit-preserving) and lossy compression methods for coding bi-level, 

continuous-tone gray-scale, palletized color, or continuous-tone color digital still images. The standard (a) 

specifies decoding processes for converting compressed image data to reconstructed image data; (b) 

specifies a code stream syntax containing information for interpreting the compressed image data; (c) 

specifies a file format; (d) provides guidance on encoding processes for converting source image data to 

compressed image data; and (e) provides guidance on how to implement these processes in practice. 

4.2.6 American Society of Photogrammetry and Remote Sensing LiDAR (LAS) 

 

The ASPRS LiDAR LAS standard describes a device independent encoding of point-cloud data derived 

from multi-return LiDAR sensor emissions. Data is generally organized in device-dependent scan 

collection order, with little attention to spatial coherence or co-locality of adjacent samples. Point cloud 

data is irregularly gridded multi-value data. LiDAR returns represent timing delay and direction of signals 

reflecting off of one or more surface in the path of the LiDAR emitter. Multiple returns signify signals that 

passed through the first surface encountered (first return), and reflected to toward the sensor. 

LiDAR point cloud data may be processed into a triangulated irregular network or resampled into a 

regular gridded data, such as a raster elevation encoded such as DTED. Both regular gridded and TINs 
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typically represent only one surface, such as canopy, derived from first return, or bare surface (last 

return). Significant processing is required to derive these surfaces from the raw return data, and often 

contains anomalous data such as birds in flight, and building structures. 

4.2.7 Point Cloud (XYZ) 

 

A simple point cloud imagery format that provides X, Y and Z values that delineate points, lines or 

polygons.  This file format is typically used in AutoCAD. 

4.2.8 National Imagery Transmission Format (NITF) 

 

The NITF file format is used as an interoperability format for the transmission and storage of electronic 

imagery within and among DoD and IC (Intelligence Community) organizations.  It has direct application 

to the dissemination of imagery to requestors of imagery derived intelligence13. 

The file format consists of a header file and one or more data segments.  Those segments are: (1) Image 

Segments, (2) Graphic Segments, (3) Reserved Segments, (4) Text Segments, (5) Data Extension 

Segments and (6) Reserved Extension Segments14. 

 

**For additional standards and special purpose imagery / raster formats, refer to the IGG Imagery 

Handbook and / or SDSFIE Raster (SDSFIE-R) Raster Standards Compendium. 

 

 

 

 

 

- THIS AREA IS INTENTIONALLY BLANK - 

 

 

 

 

 
13 See MIL-STD-2500C (1-May-2006) [http://www.gwg.nga.mil/ntb/baseline/docs/2500c/2500C.pdf] 

14 See OGC® OWS-9 OWS Innovations GMLJP2 for National Imagery Transmission Format (NITF) Engineering Report 
[https://portal.opengeospatial.org/files/?artifact_id=51889] 
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Appendix A: Acronyms 
 
2D    Two Dimensional 

3D    Three Dimensional 

ARIDPCM Adaptive Recursive Interpolated Differential Pulse Code Modulation  

ASD (EI&E) Assistant Secretary of Defense (Energy, Installations and Environment) 

ASPRS    American Society of Photogrammetry and Remote Sensing 

ASPRS/LAS American Society of Photogrammetry and Remote Sensing LiDAR  

BIIF    Basic Image Interchange Format  

CADRG   Compressed Arc Digitized Raster Graphics  

CGM    Computer Graphics Metafile   

CIB    Controlled Imagery Base 

DEM    Digital Elevation Model 

DES    NITF Data Extension Segment 

DISDI    Defense Installation Spatial Data Infrastructure 

DISR Department of Defense Information Technology Standards Registry 

DoD    Department of Defense 

DPPDB    Digital Point Positioning Data Base  

DTED    Digital Terrain Elevation Data 

EA    Environmental Assessment(s) 

ECIB    Enhanced Controlled Imagery Base 

ECRG    Enhanced Compressed Raster Graphics 

ECW    Enhanced Compression Wavelet 

EI&E    Energy, Installations, and Environment 

FSM    Frame Sensor Model 

GI&S    Geospatial Information & Services 

GIF    Graphics Interchange Format 

GIS    Geographic Information System   

GML    Geography Markup Language 

GSD    Ground Sample Distance 

GWG    Geospatial Working Group 
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HRE    High Resolution Elevation 

IC    Intelligence Community   

IEC    International Electrotechnical Commission   

IFD    Image File Directory (TIFF) 

IGG    IGI&S Governance Group 

IGI&S Installation Geospatial Information and Services 

IHO    International Hydrographic Organization 

IS    International Standard   

ISO    International Organization for Standardization  

IT    Information Technology 

J2K    JPEG 2000 

JFIF    JPEG File Image Format 

JIIM    Joint, Interagency, Intergovernmental and Multinational 

JPEG    Joint Photographic Experts Group  

LiDAR    Light Detection and Ranging 

LOS    Line of Sight 

MC&G    Mapping, Charting and Geodesy 

NATO    North Atlantic Treaty Organization  

NGA    National Geospatial-Intelligence Agency  

NITF    National Imagery Transmission Format 

NITFS    National Imagery Transmission Format Standard  

NSG    National System for Geospatial-Intelligence 

NSIF    NATO Secondary Imagery Format  

OGC    Open Geospatial Consortium 

OSD    Office of the Secretary of Defense  

PNG    Portable Network Graphics 

POC    Point of Contact 

RADAR    Radio Detection and Ranging 

RSC    Raster Standards Compendium 

RPC    Rational Polynomial Coefficient 
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RPF    Raster Product Format   

SDE    Support Data Extension   

SDSFIE Spatial Data Standards for Facilities, Infrastructure, and Environment 

SDSFIE-R Spatial Data Standards for Facilities, Infrastructure, and Environment - 
Raster 

SME    Subject Matter Expert 

STANAG   Standardization Agreement (NATO) 

TACO2    Tactical Communications Protocol Version 2  

TIFF    Tagged Image File Format 

TIN    Triangulated Irregular Network 

TRE Tagged Record Extension (formerly Support Data Extension) 

US    United States   

USGS    United States Geological Survey  

USIGS    United States Imagery and Geospatial Information System  

UTM    Universal Transverse Mercator 

WMTS    Web Map Tile Service 

XML    Extensible Markup Language 
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Appendix B: Definitions 
 

Digital Elevation Model (DEM) 

A digital model or 3D representation of a terrain's surface — commonly for a planet (including 

Earth), moon, or asteroid — created from terrain elevation data. 

Digital Terrain Elevation Data (DTED) 

A standard of digital datasets which consists of a matrix of terrain elevation values, i.e., a Digital 

Elevation Model.  The DTED format for level 0, 1 and 2 is described in U.S. Military Specification 

Digital Terrain Elevation Data (DTED) MIL-PRF-89020B15, and amongst other parameters 

describes the resolution for each level. 

Image 

Gridded coverage whose attribute values are a numerical representation of a physical 

parameter16. 

 

NOTE: The physical parameters are the result of measurement by a sensor or a prediction from a 

model. 

Imagery 

Representation of phenomena as images produced by electronic and/or optical techniques17. 

 

NOTE-1: It is assumed that the objects and phenomena have been sensed or detected by 

camera, infrared and multispectral scanners, radar and photometers, or similar devices. 

 

NOTE-2: A likeness or presentation of any natural or manmade feature or related object of 

activity and the positional data acquired at the same time that the likeness or representation was 

acquired. 

Measure 

Value described using a numeric amount with a scale or using a scalar reference system18. 

 

NOTE-1: When used as a noun, measure is a synonym for physical quantity. 

 

NOTE-2: A physical quantity is a quantity used for the quantitative description of physical 

phenomena.19 

  

 
15 Performance Specification: Digital Terrain Elevation Data (DTED) (https://dds.cr.usgs.gov/srtm/version2_1/Documentation/MIL-
PDF-89020B.pdf) 

16 ISO 19115-2 

17 ISO/TS 19101-2 

18 ISO 19136 

19 In GML a physical quantity is always a value described using a numeric amount with a scale or using a scalar reference system. 
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Quality  

Totality of characteristics of a product that bear on its ability to satisfy stated and implied 

needsError! Bookmark not defined.. (Include definition of “Quality” from SDSFIE-Q document; reference S

DSFIE-Q as a Footnote (ISO…)). 

Raster  

Usually rectangular pattern of parallel scanning lines forming or corresponding to the display on a 

cathode ray tube20. 

Remote Sensing  

Collection and interpretation of information about an object without being in physical contact with 

the object21. 

 

 

 

 

 

 

 

- THIS AREA IS INTENTIONALLY BLANK - 

 

  

 
20 ISO 19123 

21 ISO/TS 19101-2 
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Appendix C: Standards 
 

The following raster and raster-related standards are organized functionally according to raster data 

utilization: 

C1: National Imagery Transmission Format Standards Ecosystem 

 

National Imagery Transmission Formation Standard (NITFS) or simply NITF, encodes data as header 

segments, data segments, metadata extension segments, and data extension segments. The header 

segments and metadata extension segments of the standard uses an extensible encoding framework to 

describe metadata and data extensions. 

C2: National Imagery Transmission Format Standard [NITFS] 

 

The NITFS is a multi-modality standard that is often associated with imagery, but has broader application 

across the DoD and JIIM community. NITFS encompasses image raster, metadata, vector, elevation, 

message, and complex imagery data. NITF is also used as the encoding transport for Raster Product 

Format (RPF) data standards, which include Controlled Imagery Base (CIB), Enhanced Controlled 

Imagery Base (ECIB), Compressed Arc Digitized Raster Graphics (CADRG) Enhanced Compressed 

Raster Graphics (ECRG), and Digital Point Positioning Database (DPPDB). Other data forms stored in as 

NITF using specific-purpose profiles include Tactical Hyperspectral Imagery (HSI), High Resolution 

Elevation (HRE), Sensor Independent Complex Data (SICD), Sensor Independent Derived Data (SIDD). 

NITF is also used to support Wide Area Motion Imagery (WAMI), and Wide Area Persistent Surveillance 

(WAPS). 

C3: NITF Tagged Record Extensions and Data Extension Segments 

 

A metadata extension, known as  a Tagged Record Extensions (TRE), or formerly Support Data 

Extension (SDE) are bundled in various profiles of NITF to group purpose-related TREs to meet specific 

mission objectives. One such example profile of NITF is the Raster Product Format (RPF), that describes 

specific bundling of metadata and data organization to define raster map products (CADRG and ECRG), 

image map products (CIB and ECIB), and targeting image database products (DPPDB). 

NITF also defines a data extension standard, known as a Data Extension Segment (DES). Data 

Extension Segments definitions are similar to TREs, except that a DES includes a standard security 

header, and is intended to store extension data, rather than metadata, and therefore subject to fewer size 

limitations that TREs. 

The NITF file header consists of groups of metadata fields that describe the file identification, origin, and 

security, its length and header length, and all of its image, graphic, reserved, text, data extension, and 

reserved extension segments. 
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C4: NITF Standards 

 

The NITF Technical Board maintains this list of baseline NITF-related standards: 

A. Test Program Plan: 

1. Compliance and Certification 

i. N-0105-98 
NITFS Standards Compliance and Interoperability Certification Test and Evaluation Program Plan 

B. Format: 

1. NITF 2.1 

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

2. NITF 2.1 

i. MIL-STD-2500B 
National Imagery Transmission Format Version 2.1 through NOTICE 2 

3. NITF 2.0 

i. MIL-STD-2500A 
National Imagery Transmission Format (Version 2.0) through NOTICE 3 

4. NSIF 1.0 

i. STANAG 4545 * 
Standardization Agreement 4545 for NATO Secondary Imagery Format (NSIF) 

5. Extensions 

i. STDI-0001 
National Support Data Extensions (SDE) (Version 1.3) for the National Imagery Transmission Format 

(NITF) 

ii. STDI-0002 
The Compendium of Controlled Extensions (CE) for the National Imagery Transmission Format 

6. Implementation Guide 

i. STDI-0005 
Implementation Practices of the National Imagery Transmission Format Standard (IPON) 

7. NNDDD 

i. NSG-STD-001-05 
National Geospatial-Intelligence Agency (NGA) National Imagery Transmission Format (NITF) 

Version 2.0 Dataset Definition Document (NNDDD) 

8. NCDDD 

i. NSG-STD-002-05 
National Geospatial-Intelligence Agency (NGA) Commercial Data Definition Document (NCDDD) 

9. NCDRD 

i. STDI-0006 
National Imagery Transmission Format (NITF) Version 2.1 Commercial Dataset Requirements 

Document (NCDRD) 

10. GeoTIFF 

i. NGA IP for TIFF/GeoTIFF * 
GeoTIFF and TIFF Implementation Profile 

11. HRE 

i. NGA.IP.0002_1.0 HRE * 
High Resolution Elevation Product Specification 

12. HSI 

i. NGA.IP.0006_1.0 HSI * 
NITF 2.1 Implementation Profile for Tactical Hyperspectral Imagery Systems 

13. SICD 

i. NGA.STND.0024_1.0 

http://www.gwg.nga.mil/ntb/baseline/documents.html
http://www.gwg.nga.mil/ntb/baseline/docs/n010598/index.html
https://nsgreg.nga.mil/doc/view?i=2063
http://www.gwg.nga.mil/ntb/baseline/docs/2500b/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/2500a/index.html
http://nsa.nato.int/nsa/
http://www.gwg.nga.mil/ntb/baseline/docs/stdi0001/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/stdi0002/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/ipon/NGA.STDI-0005_2.0.0_IPON.pdf
http://www.gwg.nga.mil/ntb/baseline/docs/nsg-std-001-05/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/nsg-std-002-05/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/stdi0006/index.html
https://nsgreg.nga.mil/doc/view?i=2224
https://nsgreg.nga.mil/doc/view?i=2065
https://nsgreg.nga.mil/doc/view?i=2206
http://www.gwg.nga.mil/ntb/baseline/docs/SICD/index.html
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Sensor Independent Complex Data (vol. 1,2,3) 

14. SIDD 

i. NGA.STND.0025_1.0 
Sensor Independent Derived Data (vol. 1,2,3) 

15. XMLSIG 

i. XMLSIG_1.0 
XML Signature Implementation Specification for NSIF/NITF 

C. Compression: 

1. JPEG 2000 

i. BPJ2K 
BIIF Profile for JPEG 2000 Version 01.10 

ii. TRD 
JPEG 2000 for NSIF Test Requirement Documents 

iii. J2K GUIDE 
Bandwidth Compression Guide for JPEG2000 Compression of Imagery 

iv. J2K Test Plan 
The JPEG2000 Test Plan 

2. Baseline JPEG Lossy 

i. MIL-STD-188-198A 
Joint Photographic Experts Group (JPEG) Image Compression through NOTICE 2 

ii. N-0106-97 
Bandwidth Compression Standards and Guidelines Document 

3. JPEG Lossless 

i. N-0106-97 
Bandwidth Compression Standards and Guidelines Document 

4. Down-sampled JPEG 

i. N-0106-97 
Bandwidth Compression Standards and Guidelines Document 

5. Bi-Level 

i. MIL-STD-188-196 
Bi-Level Image Compression, with NOTICE 1 

6. Vector Quantization 

i. MIL-STD-188-199 
Vector Quantization Decompression, with NOTICE 1 

7. ARIDPCM 

i. MIL-STD-188-197A 
Adaptive Recursive Interpolated Differential Pulse Code Modulation (ARIDPCM) Compression 

Algorithm: Capability to read legacy MIL-STD-188-197A ARIDPCM compressed files is optional; 

specific USIGS segments, libraries, may be required to use this standard to ensure translation 

capabilities. (For NITF 1.1 only) 

8. Compression Users Handbook 

i. STDI-0003 
National Imagery Transmission Format Standard Imagery Compression Users Handbook 

D. Graphics: 

1. CGM 

i. BPCGM01.00 
BIIF Profile for Computer Graphics Metafile (CGM) 

  

http://www.gwg.nga.mil/ntb/baseline/docs/SIDD/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/XMLSIG/XMLSIG_1.0.pdf
http://www.gwg.nga.mil/ntb/baseline/docs/bpj2k01/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/trd/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/bwcj2k/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/j2k/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/188_198a/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/n010697/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/n010697/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/n010697/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/188_196/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/188_199/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/188_197a/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/stdi0003/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/bpcgm/index.html
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E. Communications Protocol: 

1. TACO2 

i. MIL-STD-2045-44500 
Tactical Communications Protocol 2 (TACO2) 

F. Information Documents: 

1. AEDP-4 *    
Allied Engineering Documentation Publication 

2. NSIF Extensions List 
List of AEDP-4 approved TREs and DESs for NSIF 

3. BIIF Part 5 
ISO/IEC 12087-5: 1998(E) Basic Image Interchange Format 

4. STDI-0005, IPON 
Implementation Practices of the National Imagery Transmission Format Standard 

5. MIL-HDBK-1300A 
The National Imagery Transmission Format Standard (NITFS) Handbook 

6. RPC (1) 
i. Generation and Application of RPC Uncertainty Parameters 

7. RPC (2) 
i. Comparison of RPC00A and RPC00B TREs 

8. RSM TREs 
i. Replacement Sensor Model Tagged Record Extension Specification for NITF 2.1 

9. STANAG-4559 * 
i. Standardization Agreement 4559 for NATO Standard Imagery Library Interface (NSILI) 

10. STANAG-4607 * 
i. Standardization Agreement 4607 for NATO Ground Moving Target Indicator Format (GMTIF) 

11. STANAG-7023 * 
i. Standardization Agreement 7023 for NATO Primary Image Format 
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http://www.gwg.nga.mil/ntb/baseline/docs/44500/index.html
http://nsa.nato.int/nsa/
http://www.gwg.nga.mil/ntb/baseline/docs/NSIF/STANAG_4545_NSIF_TRE%20_DES_NOV_2013.xlsx
http://www.gwg.nga.mil/ntb/baseline/docs/biif_5/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/ipon/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/1300a/index.html
http://www.gwg.nga.mil/ntb/baseline/docs/RPC/Generation%20and%20Application%20of%20RPC%20Uncertainty%20Parameters.pdf
http://www.gwg.nga.mil/ntb/baseline/docs/RPC/RPC00A%20vs%20RPC00B%20White%20Paper.docx
http://www.gwg.nga.mil/ntb/baseline/docs/RSM/RSM_NITF_TREs_v1.0_.pdf
http://nsa.nato.int/nsa/
http://nsa.nato.int/nsa/
http://nsa.nato.int/nsa/
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ANNEX A: Raster Standards Compendium (RSC) 
 

The RSC is a stand-alone document that complements the content provided in SDSFIE-R.  Please refer 

to RSC version 0.1.2 (13 SEP 2016). 
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