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B k dBackground

• Z/I is upgrading their radiometric calibration 
process for DMC and RMK D digital camerasprocess for DMC  and RMK-D digital cameras 
to include absolute radiometry
– Enabling the development of a new suite of 

remote sensing products that historically have 
been dominated by satellite based systems

– Builds upon relative radiometric calibrationBuilds upon relative radiometric calibration 
processes (Flat Fielding or Normalization, linearity, 
band-to-band)band to band)
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R l ti R di tRelative Radiometry

• Pixel-to-pixel to correct
Vignetting (fall off in signal off axis) image– Vignetting (fall off in signal off axis) image 
normalization or flat fielding correction
Detector variation– Detector variation

• Typical remote sensing industry  goal <1%  
(Landsat Data Continuity Mission (LDCM) Data 
Specification, March 2000)Specification, March 2000)
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Configuration 

Camera and 
sphere are 
verticallyvertically 
aligned during 
laboratory 
calibration 
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Configurations
• Four Tungsten lamp 

configurations
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and Corresponding Histogram
NIR Channel 
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Image
NIR Channel
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R Integrating Sphere Normalized Image g g p g

and Corresponding Histogram
NIR channel
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R Why Have An Absolute Radiometry y y

Aerial Imaging System?
• Predicts the performance of the multispectral 

imager a prioriimager a priori
• Simulates satellite remote sensing systems
• Supports the ability to atmospherically correct 

products to surface reflectanceproducts to surface reflectance
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Ab l t R di tAbsolute Radiometry

• Conversion of DN to engineering units of 
radiance (remote sensing)radiance (remote sensing)

• Typical remote sensing goal is <5% difference 
from a National Standard (Landsat Data 
Continuity Mission (LDCM) Data Specification,Continuity Mission (LDCM) Data Specification, 
March 2000)

In general if a system has good absolute radiometry it 
h d l lithas good color quality
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Ab l t R di tAbsolute Radiometry

Lsensor = C • (DN-DNDark)sensor Dark

Where: 
Lsensor = At sensor radiance [W/(m2srµm)] at each pixel
C = Calibration coefficient [counts/(W/(m2srµm)]
DN = Digital number [counts] at each pixel
DNDark = Dark frame digital number [counts] at each pixel 
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I t ti S h S t l R diIntegrating Sphere Spectral Radiance

• Designed to approximately emulate At-Sensor 
radiance for a 50% gray target with solarradiance for a 50% gray target with solar 
zenith angle of 60 degrees
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Ab l t R di t i C lib tiAbsolute Radiometric Calibration

∞0 ∞0  

Where:Where:
DN Digital Number for a pixel
L Spectral radiance of Integrating sphere [W/(m2 sr m)]L Spectral radiance of Integrating sphere [W/(m sr m)]
S System spectral response 
C Calibration coefficient [(W/(m2 sr m))/DN]C Calibration coefficient [(W/(m sr m))/DN]

Using the spectral response and Integrating sphere radiance both 
normalization and absolute calibration will be accomplished simultaneously
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normalization and absolute calibration will be accomplished simultaneously
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Integating Sphere
Blue Channel – Single Tap
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DMC MS C O ti l S h tiDMC MS Camera Optical Schematic
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DMC S t l RDMC Spectral Response

Description
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RMK D S t l RRMK-D Spectral Response

1
RMK-D Spectral Response
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Image Products
• Reflectance maps enable:

Ch d t ti ith d d i fl f– Change detection with reduced influence of 
atmosphere and solar illumination variations

– Spectral library-based classifiers
– Improved comparisons between different p p

instruments and acquisitions
– Derived products such as Normalized DifferenceDerived products such as Normalized Difference 

Vegetation Index (NDVI)
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I t f At h i C tiImportance of Atmospheric Correction
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Methods

SunSun
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A, B, L0 and s are estimated using radiative transfer methods with 
t h ( l ) d t i t

• Ground-based measurements (sun photometer, radiosonde)
• Satellite Sensors (MODIS, TOMS)

atmosphere (aerosol, gases) and geometry inputs

Satellite Sensors (MODIS, TOMS)
• Dark Pixels
• Climatological
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IKONOS Imagery (Example)

0

0.8

0.9

0

0.8

0.9

NDVI = (ρNIR - ρRed)
(ρ +ρ )

0 5

0.6

0.7

0 5

0.6

0.7

NDVI

(ρNIR +ρRed)

0 3

0.4

0.5

0 3

0.4

0.5

NASA St i 0 1

0.2

0.3

0 1

0.2

0.3

NASA Stennis 
Space Center  

January 15, 2002

0.10.1

22

Includes material © Space Imaging, LLC



I 2
R 

E t d P fExpected Performance

• Initial analysis indicates laboratory radiometric 
calibration for DMC and RMK D should becalibration for DMC and RMK-D should be 
better than 3% and comparable to satellite-
b d l d ibased land imagers

• Vicarious calibration processes will beVicarious calibration processes will be 
necessary to validate radiometric performance 
in flightin flight
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SSummary

• Z/I has instituted an absolute radiometric 
calibration process that will enablecalibration process that will enable 
– Development of a new generation of remote 

d f fsensing products for framing cameras
– Improved operation for the DMC and RMK-D p p
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DMC / IKONOS COMPARISONDMC / IKONOS COMPARISON

DMC IKONOS
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