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* Digital Imaging Systems
* Specifying a Digital Imagery Product

* Characterization of Data Acquisition
Systems

e Summary
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Introduction
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 Advanced large array digital imaging systems are
routinely being used

* Digital imagery guidelines are being developed by
ASPRS and ISPRS

e Guidelines and standards are of little use without
standardized characterization methods
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5 Digital Imaging Systems o
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Both pushbroom line scanners and advanced
framing direct digital imaging systems are being
developed for airborne and spaceborne systems

— IKONOS

— QuickBird

— Kodak 4kx4k

— LH Systems

— Z/I

— Others
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M Specifying a Digital Imagery Product
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* After the acquisition area and window have been selecteg@e following
properties need to be defined =
— Spectral
* Panchromatic or Multispectral (number of bands)
* Band-to-Band Registration
— Spatial Resolution
* Spatial/Frequency Domain
* Edge onse
» Signal-to-Noise Ratio
— adiometry
* Linearity
* Cosmetic/Relative
* Absolute
— Geolocational Accuracy

* The ASPRS Digital Imagery Guideline addresses many of these items
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Stennis Space Center
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= Spatial Resolution: Spatial/Frequency Domain
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* Most specifications are written in terms of MTF as a
function of spatial frequency
— Dominant parameter is typically MTF @ Nyquist frequency
— Nyquist frequency depends on GSD
* Nyquist frequency = 1/(2*GSD)
— MTF at Nyquist is a measure of aliasing
— MTF measurements at Nyquist are difficult to estimate in-flight

 Edge Response is more intuitive
— RER (Relative Edge Response)
— Ringing
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Spatial Resolution: Edge Response
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Point Spread Function Edge

Spatial
Domain AX ok

4

Edge Response

Slope ~ 1/Ax

Steepness of edge response effects spatial resolution
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Spatial Resolution: Relative Edge Response

Edge Response
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Spatial Resolution: SNR

Stennis Space Center

<+—2Original Maricopa IKONOS
Imagery
SNR ~ 100

Maricopa IKONOS Imagery
with Noise Added —>
SNR ~ 2
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<\>' | Radiometry Specification
INASA

* Three Types
— Linearity
— Relative
* Pixel-to-Pixel
* Band-to-Band
— Absolute
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Radiometry: Linearity
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Best Linear Fit

Radisnce

Linear and non-linear response to input radiance
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Radiometry: Absolute

NIR Band Calibration Summary
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Data Product Characterization

Data Product Specifications
— Spectral
— Spatial Resolution
— Radiometry

— Geometry

ASPRS Conference

Stennis Space Center

17




N<\f‘f Laboratory vs. In-Flight: Spectral
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I

Spectral Band | — Spectral band pass (Blue) 450-515 nm X
Information — Spectral band pass (Green) 525-605 nm X
— Spectral band pass (Red) 630-690 nm X
— Spectral band pass (NIR) 750-860 nm X
Spectral Band | — Band edge points at 50% peak response shall be X
Pass within + 15 nm of the normal values
Accuracy — Slope through the 50% point shall be at least 15% X
per 20 nm
— Out-of-band filter response must be less than 5% of X
the total integrated transmittance within 5% of the
transmission points of the band
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Laboratory vs. In-Flight: Spatial

Spatial Resolution At zero spatial frequency, for all spectral

. bands, the SNR will be greater than 70 for a
and Im_age Qua"ty Lambertian surface with 20% reflectance,
(at all field angles) illuminated at solar zenith angle of 30 degrees

ASPRS Conference
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Laboratory vs. In-Flight: Radiometry
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Radiometric — Absolute radiometric accuracy to withl4 36% * X

Accu racy — Relative radiometric accuracy to with£ 5% * X

Stability — Linearity to within + 5% of full scale exposure over X X
the entire imaging exposure dynamic range

— Requirements on banding, streaking, failed and X X

non-calibrated detectors: 99.5% of all the detectors
should be within + 5% or + 1 DN of the mean dark
counts of all focal plane array detectors; 99.5% of NA NA
all the detectors should be within + 5% of the gain
coefficients of all focal plane array detectors

Radiometric 8-bits per spectral channel X X
Quanitization
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Laboratory vs. In-Flight: Geometric
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Absolute Me oenter point coordinate referenced to X
Geolocational + 100 meters in metadata listing
Accuracy
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Spectral Characterization
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Spatial Characterization
A e e Stennis Space Center

Fragment of a Blue-band image from tests of
spatial resolution of the ADAR 5500 SN4 sensor

MTF test setup looking at the edge target in a
collimator
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Spatial Characterization
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Radiometric Characterization
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Signal-to-Noise

S/N
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In-Flight Characterization
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Spatial Characterization
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ings) and, ground reflectance measurements (spectroradrcme er) to
onse of remote sensing systems.
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Radiometric Characterization

ltilize g und reflectance measurements (Spect-oradlomete_r)
measurements (Sun Photometer & Radiosonde) to determ (
sensing systems.
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NASA
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Geometric Characterization
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nstrumentation to determine‘the geo-positional




Summary
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* Characterization of digital camera systems is
important for supporting digital imagery
guidelines

* Specifications are characterized in the lab and/or
the field

— Laboratory characterization is critical for optimizing and
defining performance

— In-flight characterization is necessary for an end-to-end
system test
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