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Introduction

companion to the Digital Imagery Specifications Guideline

address the passive reflective domain (400 to 2500 nm) using solar illumination

two main types of systems; 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) range.  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. 

This document is broken into the following major sections:

Error! Reference source not found. (Error! Reference source not found.), which are dominated by the physics and engineering aspects, related to spectral, radiometric and spatial properties of the imagery. 

Deliverable Products (2.0), which discusses the types of data and products that can be provided.

Certification (3.0), addressing some of the basic properties of sensor equipment and it's certification.

Flying Conditions and Imagery Coverage (4.0), which are analogous to those of the Photography Guidelines.

Appendices (5.0) and References (6.0), covering imaging standards and a glossary discussing various terms and concepts covered in this document.

1.0 Spectral Properties of Sensor Systems

The spectral characteristics of a system are determined by the filter and lens transmission, and detector spectral responsivity.  Spectral responsivity is defined in terms of parameters such as spectral cut-on and cut-off edge locations, edge slopes, ripple, and out-of-band rejection. Typical spectral response characteristics are illustrated in Figure 1.  The curves on the left are typical standard products of absorption based systems which are commonly used.  The responsivity tends to be broad with gentle slopes and limited out-of-band rejection.  The curve on the right is more typical of a dielectric stack filter system and represents Landsat and corresponds to enhanced and precision products. The difference in shape is dependent on the detail slopes, ripple and out-of-band rejection.

1.1.1. Spectral Band Widths

For multispectral systems, the number and types of bands are strongly dependent upon the application
 for which the imagery is used. There are two major classes of multispectral imaging systems.  The standard systems tend to emulate color photography and have red, green and blue bands.  These bands are chosen to approximately emulate color bands and have loose specifications.  Enhanced and precision systems typically (but not always) are constructed to emulate Landsat, as shown in Table 1, though typically with only three or four bands. The bands are blue (450-515 nm), green (525-600 nm), red (630-700 nm), and near-infrared (NIR) (775-900 nm) bands. These bands do not have to be exactly Landsat Enhanced Thematic Mapper (ETM+) bands, but are sufficiently close to perform most Landsat-like applications.  

Note also the NASA Advanced Land Imager (ALI Bands). The ALI multispectral system includes one blue band (Band 1), one band in the green reflectance peak for vegetation (Band 2), one band in the chlorophyll absorption region (Band 3), two near-infrared bands (Bands 4a and 4b), and three short-wave-infrared bands (Bands 5, 6, and 7).  These bands are used because of better atmospheric propagation and for better atmospheric correction than the standard ETM+ bands.  In many instruments the bands used are much narrower than ETM+ bands, such as for plant stress and geology applications.
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Figure 1 - Typical system spectral curves for standard (left) and enhanced/precision (right) systems.
Table 1 – FWHM band edges, ETM+ and ALI.

Band
Minimum  50% Lower Band Edge (μm)
Maximum 50% Upper Band Edge

(μm)
Use / Heritage

1
0.450
0.515
ETM +

2
0.525
0.600
ETM +

3
0.630
0.700
ETM +

4a
0.775
0.805
Band 4 split to avoid a water absorption band/ALI

4b
0.845
0.890
Band 4 split to avoid a water absorption band/ALI

5
1.200
1.300
Atmospheric window/ALI

6
1.550
1.750
ETM +

7
2.080
2.350
 ETM +


1.1.2. Band to Band Registration

For many applications the registration between bands is critical for successful multispectral processing.  The band-to-band registration should be less than 0.5 pixel for enhanced systems and less than 0.1 pixel for precision.  In standard systems, the band-to-band registration is not specified.   Figure 2 (below) illustrates band-to-band registration for a typical color mosaic detector array system and a four-band multisensor system.  Each band in the boresighted multisensor system is represented by a colored disk, with band-to-band alignment equal to centroid distance.  The band-to-band registration for color mosaic arrays can be a few (integer number) pixels.  
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Figure 2 – The left image illustrates sensor band-to-band registration for a 3-color mosaic detector array.  The right image represents a boresighted multisensor imaging system consisting of 4 channels that are spatially separately aligned.  Either system experiences band-to-band mis-registration of pixels (samples) inherent in the sensor/system design.
1.2. Radiometric Properties

Radiometric accuracy is usually more important for multispectral imagery than panchromatic imagery.   There are two radiometric accuracies to consider: absolute and relative.  

1.2.1. Absolute Accuracy

Absolute radiometric accuracy is the difference between the measured and true radiometric values.  It is determined by measurement of a calibrated source that can be traced to a NIST radiometric standard.  Absolute accuracy is based upon a radiometric error budget, which typically includes stability, polarization, stray light, linearity and other components

.  Standard systems have no absolute radiometric specification, while enhanced and precision should achieve ± 10% and ± 5 % respectively.

1.2.2. Relative Accuracy

Relative accuracy is the difference between measured radiometric values, pixel-to-pixel, and band-to-band.  It is accuracy internal to the instrument, and not relative to an absolute standard.  The relative accuracy of standard and enhanced should be less than 5%, while precision systems should be less than 2%.
 
1.2.3. Dynamic Range/Quantization

The acquisition system should be able to measure signals over the dynamic range of the entire scene.  Most terrestrial surfaces reflect 5 to 50%
.  The system should have at least 8 bits with exposure control and preferably more bits.  Twelve bit systems have shown significant utility for imaging simultaneously in shadows and brightly lit areas.  The quantization should be sufficient to meet the SNR requirements of the application.  SNR in the tens or more are highly desirable for most applications.  Figure 3 shows a typical film response overlaid with 8-,12-, and 14-bit digital systems at fixed quantization.  (Rewrite in terms of SNR or scene radiance?  Dynamic range of sensors is what is really being discussed—not quantization range of the ADC.  I.E. simply changing an A/D converter to more bits doesn't make the sensor better.  Also need to define standard/enhanced/precision…)
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Figure 3 – Dynamic range of film and sensor (fixed-quantization).  Note film has overall non-linear response, compared to sensor linearity.

1.3. Spatial Properties

Spatial resolution determines the ability to identify different types of objects of various sizes and shapes. The National Imagery Interpretability Rating Scale (NIIRS) is a 0 to 9 panchromatic reference scale defining levels of resolution in task-based terms.  It can be related to the GSD, relative edge response (RER), SNR, edge overshoot (H) and noise gain (G) through the General Image Quality Equation (GIQE) (see Appendix, section 5.2 for details).  The RER is the average slope of the edge response ± 0.5 pixels about the edge.  The GSD is the geometric mean of the GSD.  

 (Simplify this equation…and move [?] to appendix)
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(Equation 1)
where:
a
= 3.32 and b = 1.559 if RER > 0.9, 


a
= 3.16 and b = 2.817 if RER < 0.9. 
For multispectral imagery, the relationship between GSD, MTF, SNR and bands is highly dependent upon the specific application.  Generally, information in the image improves if the spatial resolution is improved, provided that coverage and other requirements are not sacrificed.

Spatial resolution is determined by the ground sample distance (GSD), signal-to-noise ratio (SNR), and the modulation transfer function (MTF) of the system. An example of MTF effects is illustrated in Figure 4.  Image quality is highly dependent upon accurately representing the spatial frequency content within the scene.  Aliasing transfers high spatial frequency components into lower ones.  For a fixed amplitude signal (scene contrast), as the spatial frequency increases, sensor output tends to decrease (see Figure 4).  Aliasing depends both on the sampling and spatial frequency, as illustrated in Figure 5, a sinusoidal target, which has been under-sampled in Figure 6, radial targets in Figure 7, and practical effects in the high-spatial frequency content image in Figure 8.

The minimum acceptable MTF is usually specified at the Nyquist spatial frequency (half the detector cutoff spatial frequency).  MTF at Nyquist is usually a measure of relative blur and aliasing properties of the system.  A high MTF at Nyquist typically infers a tight Point Spread Function (PSF) relative to the sampling.  It also infers significant aliasing.  Figure 9 illustrates the definitions associated with this specification. The minimum SNR is specified for both zero spatial frequency and at Nyquist. These specifications apply to airborne data. 
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Figure 4 - MTF response to increasing spatial frequency.  Note phase reversal at/after zero point.
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Figure 5 - Sinusoidal target (see Figure 6).
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Figure 6 – Sampling-induced aliasing of sinusoidal target (see Figure 5). 
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Figure 7 – Sampling aliasing occurring in towards center of radial targets, focused (left) and unfocused (right).
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Figure 8 - Left: agriculture, with mixed spatial frequency content (image from of Civil NIIRS Reference Guide March 1996).  Right: same scene showing results of undersampling.  The high frequency content is aliased into lower spatial frequencies.  Note that in sections A and C the rows appear to be almost orthogonal to their actual orientation, and in all areas the apparent number and size of individual plants changes in the aliased scene.
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Figure 9 - MTF at Nyquist.
1.4. Geometric / Geolocation (Mapping)
 

The data must be taken at the geometric and geolocation accuracies commensurate with the stated specific application that is documented in the metadata (refer to section 2.2).  Geolocation accuracies are specified in terms of Circular Error Probability (CEP).  Geometric accuracies are specified in terms of Linear Error Probability (LEP).  (Need to get input from NIMA, USGS, and municipal level source.  Digital orthophoto = sloppy for muni work, i.e. buried valves or fire plug locations.) 
1.5. Percent Image Obscuration by Clouds

The imagery shall be not be obscured by more than 10% cloud cover or cloud shadow. Exceptions can be made but this should be done case by case. 

1.6. Compression

For data sets where compression may be applied, evaluations data sets (uncompressed and compressed) should be submitted by the data provider. Data for geometric/geolocation (mapping) applications should not be compressed prior to aerotriangulation.
2.0 Deliverable Products

2.1. Digital Data format 
Data should be provided in a format, which is easily readable by standard commercial exploitation packages.  The formats commonly used 
are TIFF, GeoTIFF, NITF, JPEG, BIL, and BIP.

2.2. Metadata

Associated files with each data product shall include all information required to radiometrically, geometrically and atmospherically correct the data, including:  

2.2.1. Static Data

· Mission or project name

· Stated application

· Method acquired

· Aircraft with registration (tail) number

· Crew members

· Sensor type and seri​al number

· Mount: active stabilization, etc.

· For arrays: optics type, serial num​ber, and calibrated focal length, detector size & pitch, array size

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

· Filter types

· Calibration data (if applicable) shall include radiometric gains and 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

a)  Control used

b)  Aerotriangulation Reports

c)  GDOP Results

d)  Map series, map sheets & map editions used

· General processing methods & algorithms employed to yield the product level

· (Film-based digital products… scanner data. Fill this in… scanner type, model, specs?)
2.2.2.  Variable Flight 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

· % sidelap

· Beginning and ending lines or frame numbers

· Start and stop times (UTC)

· Remarks including:

a) Complete or incomplete flight line

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

c) Any unusual situation that occurs during the flight line

2.2.3. Associated Ground Truth

2.3. Level 0 Data Products

Level 0 data products shall consist of raw digital image data in an image format with the associated files required for radiometric correction and pixel geolocation/cartographic registration. The values of the digital numbers shall not be altered by data processing subsequent to the generation of the values by the sensor(s).   Data processing to reformat a transmitted data stream into standard digital image format may be required, but the reformatting shall not alter the numerical values of the data.

2.3.1. Raw Digital Image Data Quality

Less than 0.05% (TBD) of the data shall be produced by dead or inoperable detectors or be corrupted by acquisition and recording errors.  

2.4. Level 1 Data Products

Level 1 data products can include geometrically rectified, georeferenced (geolocated, georegistered or geocoded?) and radiometrically corrected.  The Level 1 products shall all contain digital image data linearly scaled to at-aperture spectral radiance and associated metadata. 

2.4.1. Level 1C Data Products

Level 1C data products are images that have cosmetic modifications correcting items such as vignetting, pixel-to-pixel uniformity, and bad pixels.  No ties to an absolute radiance standard are made.

2.4.2. Level 1R Data Products

Level 1R data products shall consist of radiometrically corrected digital image data providing digital values linearly scaled to at-aperture spectral radiance (NIST traceable ties to absolute radiance standard).  The pixels shall not be averaged or otherwise resampled for geometric correction or cartographic registration. 

2.4.3. Level 1G data products

Level 1G data products shall consist of digital image data geometrically processed (resampled) 
 for geometric rectification as indicated in the metadata.

2.4.4. Level 1GC Data Product

Level 1GC data products shall have cosmetic correction, geometric rectification, and geolocation processing performed per 2.4.1 and 2.4.3.

2.4.5. Level 1RG data products

Level 1RG data products shall have radiometric correction, geometric rectification and geolocation processing performed per 2.4.2 and 2.4.3.

2.5. Level 2
 Data Products

(NOTE THIS IS PRECISION-RELATED)

Level 2 data products can consist of atmospherically corrected data products as well as several other products that have had significant processing beyond Level 1 radiometric and geometric processing.  Level 2 atmospherically corrected products shall provide digital image data linearly scaled to surface spectral reflectance.

2.5.1. Level 2R data products

Level 2R data products shall consist of atmospherically corrected digital image data providing digital values linearly scaled to surface spectral reflectance (NIST traceable ties to absolute radiance standard).  The pixels shall not be averaged or otherwise resampled for geometric correction / cartographic registration.
2.5.2. Level 2G data products

Level 2G data products shall consist of atmospherically corrected digital image data subsequently resampled for registration to defined geodetic coordinate systems.

2.5.3. Level 2RG data products

Level 2RG data products shall have radiometric correction, geometric rectification, and geolocation processing performed per 2.5.1 & 2.5.2.
2.5.4. Stereo 

2.5.5. DEM 

2.5.6. Orthophoto

2.5.7. Pan sharpening 
2.6. Image Restoration

Many forms of image restoration are possible.  One of the more common form is Modulation Transfer Function Compensation (MTFC), a form of image sharpening that attempts to correct the inherent MTF roll-off (occurring with spatial frequency due to finite detector size, optical and electronic effects). MTFC is generally reversible, but the algorithms must be provided.  Care should be taken for multispectral data with high spatial frequency scenes sets requiring radiometric fidelity. 

2.7. Lab/In-flight Calibration Report

(RE ENHANCED & PRECISION
)

A calibration report providing a laboratory baseline of the spectral, spatial, radiometric, geometric characteristics of the system shall be provided.  In-flight calibration of the spatial, radiometric and geolocation properties of the system shall be provided.  

2.8. Recording Media

The data shall be provided in a format compatible with the user, such as CD ROM, Digital Tape, DVD, etc.

2.9. Flight Line Map Index 

(TBD) (EARTHDATA)
3.0 Certification

The optics shall transmit the spectrum associated with the needs of the application, and are required to maintain the image quality across the entire region of interest.
The detector system must be able to detect the spectral region of interest with sufficient temporal resolution and sensitivity to make needed measurements.  Detector operability (or response) can be an important consideration in some digital systems. Since current array-based imaging systems routinely have well over a million detectors, the number of  “bad” pixels could be significant. A bad pixel is defined as one with dark current or responsivity more than ± 5% (TBR)  different from the mean values for the array. The array should typically have no more than 0.05%  (TBR) of the total number of pixels that are bad.

Filters should be constructed and placed in the optical train so as not to produce significant variation in spectral response across the field of view of the system.  The variation should be consistent with the spectral and radiometric requirements.

Windows:  If an aircraft camera has a port glass, it shall be preferably 50mm thick but not less than 37mm thick. The surface finish shall be 80/50 or better. Glass material shall be polished crown, group category M, Mil Specs Mil-W-1366F (ASG) October 1975, C-1 optical quality or better.

The camera window shall be mounted in mate​rial eliminating excessive mechanical stress to the window.  The opening shall be de​signed so that the field of view is unobstructed when the camera is mounted.
3.1. Laboratory Calibration

The calibration of the system should include geometric, spectral, radiometric and spatial.  The latter three items should be characterized in the following order:

1. Spectral

2. Radiometric 

3. Spatial

This order is chosen because the spectral response is a necessary component to evaluate the radiometric response, and the radiometric response is necessary for determining the MTF. In practice, however, self-consistency is checked for between the different types of data sets
.  For each measurement, the methodology, procedures, and results are discussed. 

3.1.1. Geometric (Need input from USGS & Applanix)

A separate calibration is required for each camera/sensor/lens/filter configuration.

3.1.1.1. Principal Point

3.1.1.2. Focal Length

3.1.1.3. Distortion (lens)
3.1.2. Spectral

The spectral characteristics can be determined by individually measuring the filter transmission, lens transmission, and detector spectral responsivity or measuring the overall system response directly. 

3.1.3. Radiometric

Radiometric characterization of the system includes absolute and relative radiometric calibration, SNR estimation, and linearity.  SNR is determined using the radiometric data but is discussed in the next section to be consistent with the data specifications.  For radiometric measurements, the sensor head--the optical axis of the camera--should be positioned to be normal to the exit port plane of a Lambertian source. For the measurements, a calibrated NIST traceable Lambertian source such as an integrating sphere or point source illuminated spectralon source should be used.  Measurements recorded should include the aperture setting and exposure time.  Dark and light frames need to be recorded in sufficient number to provide good statistics. 

3.1.4. Spatial

The MTF should be estimated by measuring the response of a known edge, which allows accurate, repeatable measurements.   

3.1.5. In-flight Certification Report

The system shall be checked in-flight for geometric, spatial and radiometric  performance of the system.

3.2. Geopositioning  (TBD)

The sensor position at a minimum should be measured with a GPS and preferably with a GPS/INS system measuring both position and attitude.  (Fix this.  Rewrite…)
4.0 Flying Conditions and Imagery Coverage
4.1. Time of Imagery Acquisition

4.1.1. 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 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.

4.2. Aircraft and Crews

4.2.1. Aircraft


All aircraft shall be maintained and operated in accordance with regula​tions of the Federal Aviation Administration and the Civil Aeronautics Board (What about Canada, Mexico, and the rest of the world?). 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.

4.3. Mission & Flight Parameters

4.3.1. Overlap

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

4.3.1.1. Forward Overlap

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.

4.3.1.2. 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.

4.3.2. Flight Heights

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

4.3.3.1. Tilt (Pitch & Roll)

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?)

4.3.4. 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.

4.4. 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.

4.4.1. 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.”

4.4.2. Acceptable Saturation (General)

4.4.2.1. Targets of Primary Interest

4.4.2.2. Targets of Secondary Interest

5.0 Appendices

5.1. NIIRS

The following table (Table 2) applies to paragraph 1.3 Spatial.

Table 2 - National Imagery Interpretability Rating Scale (NIIRS) Levels

Level
Criteria
Sample Image

0
Interpretability of the imagery is precluded by obscuration, degradation, or very poor resolution. 

1
Distinguish between major land use classes (e.g., urban, agricultural, forest, water, barren). 

Detect a medium-sized port facility. 

Distinguish between runways and taxiways at a large airfield. 

Identify large area drainage patterns by type (e.g., dendritic, trellis, radial). 
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2
Identify large (i.e., greater than 160 acre) center-pivot irrigated fields during the growing season. 

Detect large buildings (e.g., hospitals, factories). 

Identify road patterns, like clover leafs, on major highway systems. 

Detect ice-breaker tracks. 

Detect the wake from a large (e.g., greater than 300') ship. 
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3
Detect large area (i.e., larger than 160 acres) contour plowing. 

Detect individual houses in residential neighborhoods. 

Detect trains or strings of standard rolling stock on railroad tracks (not individual cars). 
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Identify inland waterways navigable by barges. 

Distinguish between natural forest stands and orchards.
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4
Identify farm buildings as barns, silos, or residences. 

Count unoccupied railroad tracks along right-of-way or in a railroad yard. 

Detect basketball court, tennis court, volleyball court in urban areas. 
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Identify individual tracks, rail pairs, control towers, switching points in rail yards. 

Detect jeep trails through grassland.
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5
Identify Christmas tree plantations. 

Identify individual rail cars by type (e.g., gondola, flat, box) and locomotives by type (e.g., steam, diesel). 

Detect open bay doors of vehicle storage buildings. 
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Identify tents (larger than two person) at established recreational camping areas. 

Distinguish between stands of coniferous and deciduous trees during leaf-off condition. 

Detect large animals (e.g., elephants, rhinoceros, giraffes) in grasslands.
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6
Detect narcotics intercropping based on texture. 

Distinguish between row (e.g., corn, soybean) crops and small grain (e.g., wheat, oats) crops. 

Identify automobiles as sedans or station wagons. 
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Identify individual telephone/electric poles in residential neighborhoods. 

Detect foot trails through barren areas.
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7
Identify individual mature cotton plants in a known cotton field. 

Identify individual railroad ties. 
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Detect individual steps on a stairway. 

Detect stumps and rocks in forest clearings and meadows.
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8
Count individual baby pigs. 

Identify a USGS benchmark set in a paved surface. 

Identify grill detailing and/or the license plate on a passenger/truck type vehicle. 
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Identify individual pine seedlings. 

Identify individual water lilies on a pond. 

Identify windshield wipers on a vehicle.
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9
Identify individual grain heads on small grain (e.g., wheat, oats, barley). 

Identify individual barbs on a barbed wire fence. 

Detect individual spikes in railroad ties. 
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Identify individual bunches of pine needles. 

Identify an ear tag on large game animals (e.g., deer, elk, moose).
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5.2. GIQE 

(Put a more extensive description of what is expected?)

5.3. Glossary

(To be added…)

5.4. Acronyms

ALI


Advanced Land Imager

AWAR


Area Weighted Average Resolution

BRDF




CE, CEP

Circular Error, Circular Error Probable

CFL


Calibrated Focal Length

DGPS


Differential-mode (or Differentially-corrected) Global Positioning System

DN


Digital Number

DOP


Dilution of Position

EOS


Earth Observing System

ETM+


Enhanced Thematic Mapper Plus

FPA


Focal Plane Array

FWHM


Full Width at Half Maximum

GDOP


Geometric Dilution of Position

GIQE


General Image Quality Equation

GSD


Ground Sample Distance

IPP


Indicated Principal Point

LE


Linear Error

MLS


Mean Latitude Summer

MODIS


MODerate resolution Imaging Spectroradiometer

MSIIRS


Multispectral Imagery Interpretation Rating Scale

MTF


Modulation Transfer Function

MTFC


MTF Compensation

NESR


Noise Equivalent in Spectral Radiance

NIIRS


National Imagery Interpretability Rating Scale

NIST


National Institute of Standards and Technology

NMAS


National Map Accuracy Standards

OTF


Optical Transfer Function

PF


Polarization Factor

PP


Principal Point

PPA


Principal Point of Autocollimation

PSF


Point Spread Function

PTF


Phase Transfer Function

SA


Selective Availability

SWIR


Short Wave Infrared

SNR


Signal to Noise Ratio

TBD


To Be Determined

TBR


To Be Resolved, To Be Reviewed

WGS84


World Geodetic System 1984

6.0 References
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�PAGE \# "'Page: '#'�'"  �Page: 5��� Maybe put a couple of representative few- and many-band application examples in the educational section.  See MSIRG.


�PAGE \# "'Page: '#'�'"  �Page: 6���  Move to “precision”


�PAGE \# "'Page: '#'�'"  �Page: 7���  Define "other components".


�PAGE \# "'Page: '#'�'"  �Page: 7���  Example of an absolute accuracy measurement in the educational section.  Refer to that here.


�PAGE \# "'Page: '#'�'"  �Page: 7���  Measured how?  Are there constraints on amplitude of the measurement—i.e. average value must be between 50% and 90% of full-scale?


�PAGE \# "'Page: '#'�'"  �Page: 7��� Is this an implication?  Should this be tied to scene radiance?





�PAGE \# "'Page: '#'�'"  �Page: 11��� Separate these two?!?  "Geometric" as refers to systematic image distortion caused by instrument (the way the image is taken), and platform motion during imaging.  It is corrected by image rectification.  


"Geolocation" as refers either to relating a pixel such as nadir or perhaps the four corner pixels in the image to a geographic coordinate system.  This doesn't necessarily imply that, for example, orthorectification has been performed.


Then there is "georeferencing", "georectification",  and "geocoding"... all relating to various degrees of geographic referencing and image rectification--standard definitions of all these terms should be included.





�PAGE \# "'Page: '#'�'"  �Page: 12���  File formats could be included in the education section (xref).


�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: '#'�'"  �Page: 12���  Metadata for "G" products


�PAGE \# "'Page: '#'�'"  �Page: 14���  L1G might not be resampled.  Perhaps this should be L2G.


�PAGE \# "'Page: '#'�'"  �Page: 14���  L2 is precision related.


�PAGE \# "'Page: '#'�'"  �Page: 15���  Lab/In-flight is related to enhanced & precision


�PAGE \# "'Page: '#'�'"  �Page: 16��� What?
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