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Introduction

The goal of this document is to offer providers and users of digital imagery 
a set of recommendations analogous to those defined by the ASPRS Aerial Photography 1995 Draft Standard
 for film-based imagery.  Although there is an increasing availability of digital acquisition systems, many users still rely on Aerial Photography Guidelines that may not match digital acquisition systems. 

This document focuses mainly on the data and derived products rather than the type of sensor used in the acquisition.  Although there is an extremely wide variety of digital remote sensing systems, this guideline addresses products from those operating in the passive reflective domain (400 to 2500 nm) using solar illumination.  Two general types of systems are considered: panchromatic and multispectral. Panchromatic systems have a single, relatively broad band usually covering the entire detector response.  In the case of a silicon-based detector system, this can cover the visible through near infrared (400 to 900 nm) region.  For numerous applications the spectral range may be intentionally limited to enhance the contrast of some particular feature.  Many of the multispectral systems flying today have 2 to 10 bands in the reflective spectral domain. The digital imagery from these types of systems offers a range of products not possible from traditional film, and naturally facilitates the development of new methods and applications. The guideline is therefore likely to evolve over the next few years. Thermal, hyperspectral, and active sensors will be considered for future drafts of the document, as well as links to complementary resources presently in development in the ISPRS. 

Unlike the previous Aerial Photography Guideline which does not define different product types and classes, we have defined three levels of requirements classes: standard, enhanced and precision.  In general, the data requirements and level of certification become more refined as one progresses from standard, through enhanced, to precision.  Standard-requirements products might typically be obtained using commercial off the shelf (COTS) components, while enhanced-, and precision-based products might use custom components. Precision-based products are designed to emulate NASA EOS high end products.  Rigid adherence to a single class for all specifications may not be necessary since the data product for a given application might be satisfied by a combination of standard-, enhanced-, and/or precision-level components.  The guideline should therefore be used as a menu addressing each individual requirement of the particular application for which it is intended.

Throughout the guideline, three product requirements-classes are defined: standard, enhanced, and precision. In general, the data specifications and level of certification become more refined as one progresses from standard, through enhanced, to precision. Standard-level products might typically be obtained using commercial off-the-shelf (COTS) components, while enhanced- and precision-level products might use custom components. Precision products are designed to emulate EOS
 type of products and describe more highly processed data sets. Rigid adherence to a single class for all specifications may not be necessary since the data product for a given application might be satisfied by a combination of standard-, enhanced-, and/or precision-level components. The guideline should therefore be used as a menu addressing each individual requirement of the particular application for which it is intended.

This document is broken into the following major sections:

Intrinsic Data Product Specification (1.0), which are dominated by the physics and engineering aspects, related to spectral, radiometric and spatial properties of the imagery,

Flying Conditions and Imagery Coverage (2.0), discussing mission and aircraft requirements, and Deliverable Products (3.0), which discusses the types of data and products that can be provided.

1.0 Intrinsic Data Product Specifications

Intrinsic Data Product Specifications are dominated by the acquisition system properties related to spectral, radiometric and spatial properties of the imagery. Table 1 defines three product "grades", describing the spectral, radiometric, spatial and geolocation properties. 
Table 1 – Image Requirements*

Item

Standard

(Mfr, lab cal)
Enhanced

(In-situ & lab cal)
Precision

(Lab & field cal)

Geolocation
General
Grossly Specified
More Tightly Specified and  Verified
Tightly Specified and Verified In-flight


CEP (90%)
< 120 m
< 10 m
< 1 m


LEP
TBR
TBR


Spectral
General
Broad gentle cut on and cut off slopes with minimal control of out-of-band rejection and ripple
Broad band with tighter control of cut on and cut off slopes, out-of-band rejection, and ripple. Verified by analysis.
Broad band or narrow band with very tight control of cut on and cut off slopes, out-of-band rejection and ripple. Analogous with ETM+.  Verified by measurement.


50%point
TBR
±20 nm
±10 nm


Slopes through 50%
< 0.5%/nm
> 0.5%/nm
> 1%/nm


Out of band rejection, measured across entire detector spectral range
Not Specified
< 5% 
< 1 % 


Ripple
Not Specified
< 10%
< 5%


Band registration
Not Specified
< 0.5 pixels
< 0.1 pixels

Radiometric
General
None required
Absolute and relative radiometry  determined by laboratory characterization.
Absolute and relative radiometry determined by laboratory characterization and field measurements.


Absolute accuracy
Not Specified
± 10%
± 5%


Relative accuracy
Not Specified
± 5%
± 2%


Signal-to-noise ratio
TBD
TBD
TBD

Spatial
General
MTF @ Nyquist and aliasing not defined
MTF @ Nyquist and aliasing defined and determined by laboratory.
MTF @ Nyquist and aliasing defined and determined by laboratory and field measurements.


Relative accuracy
%5
± 5%
± 2%


Linearity
< 5% deviation
< 5% deviation
< 2% deviation


GSD @ nadir





GSD @ geometric mean of useable FOV




Compression

TBR
TBR
Lossless

Image Obscuration

typ. ≤ 10% cloud cover or cloud shadow, smoke, dust, haze

Solar Angle

typ. solar noon ± 30 º

Overlap
Forward
typ. 55 – 68% min/max (individual), unless varying topography requires greater max.  57 – 62% average at mean elevation of terrain


Side
typ. 30% ± 10% at mean elevation of terrain

*  All requirements are modifiable per intended use of imagery.

2.0 Flying Conditions and Imagery Coverage
2.1. Aircraft and Crews

2.1.1. Aircraft


All aircraft shall be maintained and operated in accordance with regula​tions of the Federal Aviation Administration and the Civil Aeronautics Board or equivalent for the country in which flight takes place. The recommended FAA preflight inspection of the aircraft and instru​ments must be performed prior to each imaging mission. Aircraft shall have a service ceiling (with operating load of crew, camera, oxy​gen, and other required equipment) not less than 5% above the highest altitude necessary to achieve the smallest image GSD required. If the project is in con​trolled air space the appro​priate Air Traffic Control Center (AIRTCC) must be contacted. If the project area includes a military installation, the pilot must comply with security regulations.

2.2. Mission & Flight Parameters

2.2.1. Time of Imagery Acquisition

2.2.1.1. General Requirements

Aerial imagery shall be secured based on the intended use of the imagery as stated in the specification. In general, imagery shall not be secured when the ground is obscured by haze, snow, smoke, dust, flood waters, or environmental factors that may obscure ground detail. Clouds and/or shadows of clouds shall not appear in the image. The solar altitude shall be defined by the application, but in general, it should not be less than 30 degrees from solar noon when aerial imagery is acquired.  Exceptions to the 30 de​gree requirement may be necessary, i.e. if imagery is acquired in high lati​tudes during winter months.             Should this para be broken into obscuration & time of acquisition sections?

2.2.2. Overlap

All imagery must provide continuous coverage (where required) with zero "holidays".

2.2.2.1. Forward Overlap

2.2.2.1.1. Stereo

For stereo imagery, forward overlap in the line of flight shall average typically not less than 57% or more than 62% at the mean elevation of the terrain, unless otherwise specified. Individual for​ward overlaps shall not be less than 55% or more than 68%, excepting the situation where, in a for​ward overlap in areas of low elevation must exceed 68% to attain the mini​mum 55% forward overlap in adjacent areas of higher elevation.  Other requirements may modify these numbers.

Wherever there is a change in direction be​tween two flight lines (other than between adja​cent parallel flight lines) junction areas between the adjoining flight lines shall be covered stereo​scopically by both lines.

2.2.2.1.2. Continuous

2.2.2.2. Side Overlap

Side Overlap be​tween adjacent parallel flight lines shall typically be 30% ± 10% at the mean ele​vation of the terrain unless otherwise specified. In addition, any point on the flight line as flown shall not deviate from the flight plan location by a distance greater than 10% of the width of coverage of the image, unless requirements dictate otherwise.  For special geometric applications, sidelap equaling forward overlap may be required.

2.2.3. Flight Heights

Departures from flight heights required to produce the desired GSD typically shall not exceed ±10%.
2.2.4. Platform Attitude

2.2.4.1. Vertically Acquired Imagery

The tilt within a single frame shall not exceed 4 degrees nor shall the difference in tilt be​tween two consecutive overlapping frames within a flight line exceed 4 de​grees. The average tilt for all digital data of the same nominal scale shall not exceed 1 degree.  (TBR.  This needs to be reconsidered.  Is this a present-day requirement?  What is current USGS spec?  Is it more/less critical now? – input from USGS?)
2.2.4.2. Oblique Imagery

TBR

2.2.5. Flight Line Continuity & Image Orientation

Every effort shall be made to avoid breaks within individual flight lines. Where breaks within a flight line are necessary, the entire flight line com​posed of the resulting segments shall meet all of the requirements set forth in these guidelines. Where breaks occur, these shall have an overlap of at least four frames TBD to ensure a stereo model of overlap or tie. All images within a single flight line shall be acquired with the same aerial instrument and with that instrument oriented in the same direction.

Images ac​quired to replace rejected, damaged, lost or otherwise destroyed images shall fully conform to these guidelines. Replace​ment images shall be acquired with the same aerial instrument(s) used to acquire the original images and shall be acquired as nearly as possible to the same day and lighting conditions as the original images.

2.3. Preliminary Quality Checks

Each acquisition shall be processed as soon as possible. Navigation of the flight lines and image quality shall be quick-checked for compliance with these Specifications.

2.3.1. Reflights

Reflights shall be immediately ordered for the purpose of securing replacement images for all images which fail to meet minimum standards set forth in these specifica​tions, provided ground conditions have not yet terminated the data acquisition “season.”

2.3.2. Acceptable Saturation (General)

2.3.2.1. Targets of Primary Interest

2.3.2.2. Targets of Secondary Interest

3.0 Deliverable Products

Table 2 - Deliverable Products

Recording Media

CD ROM, Digital Tape, DVD, etc.

Digital Data Format

TIFF, GeoTIFF, NITF, JPEG, BIL, BIP

Metadata

 (continued)
Static
Mission or project name, stated application, method acquired, aircraft type with registration number, crew members, sensor type and serial number, mount: active stabilization etc, For arrays: optics type



Stated application



Method acquired




Aircraft type, with registration number



Crew members



Sensor type and serial number



Mount: active stabilization, etc.



For arrays: optics type, serial number, CFL, detector size & pitch, array size



For scanning sensors: optics type, serial number, IFOV, FOR, number of pixels, scannin mechanism



Filter types



Calibration data (if applicable) including radiometric gains & biases applied, alignment values, coherent noise characterization, time tag for each datum and instrument temperature, all in engineering units



Geometric, geodetic, and/or photogrammetric sources, including 
 1) Control used,  2) Aerotriangulation Reports,  3) GDOP Results,  4) Map series, map sheets, & map editions used



Description of product level, and general processing methods and algorithms employed to yield that level



(Film-based digital products… scanner data.  Fill this in… scanner type, model, specs? – input from Z/I?)


Variable Flt Line Data
Altitude data (required for each image, or if continuous scan, at least each time the aircraft changes altitude)



Sensor pointing information ((,Φ, κ)



Brief description of atmospheric condi​tions:  type of clouds and % cover, haze, smoke,



Aperture setting



Shutter speed



Area covered



Date of exposure



Direction of flight



Geolocation of data – world file



% forward overlap



% side lap



Beginning and ending lines or frame numbers



Start and stop times (UTC)



Remarks including:  a) Flight line status (complete/incomplete),

  b) Blank frames, run-off, rejections, and reasons for rejections

  c) Any unusual situation that occurs during the flight line



Flight line map index


Ground Truth
TBR

3.1. Processing Levels

Table 3 - Processed Imagery Levels

Level
Description

0

raw (original ) image data in required output format

1
C
Cosmetic correction, i.e. vignetting, pixel-to-pixel uniformity, bad pixels.  No ties to absolute radiance standard.


R
Radiometric correction; data linearly scaled to at-aperture spectral radiance.  NIST-traceable ties to absolute radiance standard.  Pixels shall not be averaged or otherwise resampled (image is spatially unaltered).


G
Geometric rectification (resampled). 


GC
Cosmetic correction (per 1C), geometric rectification (1G), and geolocation processing performed.


RG
Radiometric correction (per 1R), geometric rectification (1G), and geolocation processing

2
R
Radiometric correction with pixel values linearly scaled to surface spectral reflectance.  NIST traceable ties to absolute radiance standard.  Pixels not averaged or otherwise resampled (image is spatially unaltered). 


G
Radiometric correction, resampled for registration to defined geodetic coordinate systems


RG
Radiometric correction (per 2R), geometric rectification (2G), and geolocation processing

1G (&/or 1C) does not include geolocation processing but 1GC does.  There is no provision for a cosmetic + geometrically rectified product without geolocation.   Should there be?
Table 4 - Other processing

Type
Description

Stereo
TBR

DEM
TBR

Orthophoto
TBR

Pan Sharpening
TBR

3.2. Certification

3.2.1. Fill this in…
Table 5 – Certification

Item
Standard
Enhanced
Precision

Calibration Report
Spatial calibration
By Analysis
Laboratory
Laboratory/In Flight


Spectral calibration
Manufacturer Specifications
Laboratory
Laboratory


Radiometric calibration
Manufacturer Specifications
Laboratory
Laboratory/In Flight


Geolocation
TBR
TBR
TBR

� The Earth Observing System (EOS) is the centerpiece of NASA's Earth Science Enterprise (ESE). It consists of a science component and a data system supporting a coordinated series of polar-orbiting and low inclination satellites for long-term global observations of the land surface, biosphere, solid Earth, atmosphere, and oceans. ( -- from NASA web site http://eospso.gsfc.nasa.gov/)





�PAGE \# "'Page: '#'�'"  �Page: 4��� What about digital products that are film-based?  Specifically used by municipalities. Should cover scanner interface (most commercial mappers use).  Geometric quality for mapping applications.


�PAGE \# "'Page: '#'�'"  �� We want to know how acquired and why.  This can tell a user a lot—whether it was acquired by a recon camera pointed obliquely out the window, for real estate reference pics, or from a survey-grade mapping camera for municipal infrastructure mapping application.


�PAGE \# "'Page: '#'�'"  �� Metadata for "G" products





� Aerial Photography 1995 Draft Standard, ASPRS Professional Practice Division, Specifications and Standards Committee.





ASPRS DI Product Guide 010316a.doc
4/19/01 14:50

