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Abstract Slmpllfled Radiometric Calibration Approach Simplified Radiometric Calibration Approach

TOA (top-of-atmosphere) radiance from high-spatial-resolution satellite imagery systems is The simplified radiometric calibration approach makes use of the spherical albedo formulation to Resu Its
important for a wide variety of research and applications. Many research initiatives require data describe the relationship between surface reflectance and TOA radiance
with absolute radiometric accuracy better than a few percent. The conversion of satellite digital : : : «  Simplified calibration approach was tested using two QuickBird acquisitions collected in 2006

* From the spherical albedo, it can be seen that the sensor-measured TOA radiance of a zero-
reflectance target is equivalent to the contribution to TOA radiance that results only from the
atmosphere and the background

for which radiometric tarps were deployed; results were compared to the traditional radiative
transfer approach for those two days

numbers to radiance depends on accurate radiometric calibration. A common method for
determining and validating radiometric calibrations is to rely upon vicarious calibration
approaches. Historically, vicarious calibration methods use radiative transfer codes with ground-

based measurements of atmosphere and surface reflectance or radiance as inputs for estimating — Asthe target reﬂectc—_mce approaches zero, the TOA radiance approaches the atmospheric : B

TOA radiance values. These TOA radiance values are compared against the satellite digital and bagkground radiance and can be written in terms of a sensor calibration coefficient and

numbers to determine the radiometric calibration. However, the radiative transfer codes used a DN (digital number) F
depe.nd on many assumptions about the aerosol propertieg anq the atmospheric.point spread lim 7704 _ Lo+ prg _ 52)7,14 —K*DN,,,, “ .
function. A measurement-based atmospheric radiance estimation approach for high-spatial- Pt —0 1 —sopg £ /
resolution, multispectral, visible/near-infrared sensors is presented that eliminates the use of K

o . . . . Where K = sensor calibration coefficient per band
radiative transfer codes and many of their underlying assumptions. A comparison between the

traditional radiative transfer and simplified measurement-based approaches is made.

"G Radiance = D * 0,145

DN,,,, = zero-reflectance DN

— A method for finding the zero-reflectance DN is the ELM (Empirical Line Method), which
uses the measured reflectance for several targets to develop a relationship between DN

(=)

. and reflectance for a given remotely sensed image
TO p_Of_Atm OS p h e re Ra d I a n Ce i ELM Stennis QuickBird 1/7/08 IR Eaar) Ctbrnbion ampsry
* In general terms, TOA radiance of a target is a combination of radiance from the target, the == ° Ifrﬁ'f i
background, and the atmosphere between the ground and the satellite f Example ELM plot for Stennis January 7, \ sl —
« The relationship between TOA radiance and the target reflectance can be represented with the 2006: the red points are ground-measured || 5 | :
spherical albedo radiative transfer formulation shown in the figure below tarp reflectance plotted against corresponding || 2 : o
: _ image DN, while the blue line is the line fit to 5“’ B
SelET ek Satellite these points. The y-intercept of the line is the 200} e
A zero-reflectance DN. - -
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d Qr?p hIC?Ith — This section of the approach eliminates the need for knowledge of the background Calibration coefficients generated for QuickBird data acquired on two dates in 2006 for the (A) blue,\
spip:r:i é(;’;a(;bed% Atmosphorewith N\ & atmospheric point spread function, s, and L _ (B) green, (C) red, and (D) NIR bands using the simplified radiometric calibration approach
h . | Ib d ) = mgm - u gom
formulation for ?Serili?sa oo « The target component of TOA radiance is equivalent to the radiance leaving the target in the Bandwidth Traditional Simplified %
TOA radiance L direction of the sensor multiplied by the transmission between the target and the sensor (7..,..r) FWHM Approach K Approach K Difference
\_ /| pressure, 2 2
temperature, L Lgrnd «T (um) (W/m* sr um DN) | (W/m*“sr um DN)
humidity) Background tgt sensor ~ *sensor
Target Where L8, = radiance from target in direction of sensor 1 0.445 - 0.510 0.260 £ 0.012 0.265 + 0.011 -1.92%
Lrow = Ly + Apsa + ApsegSPig + Abraps2 D> + .+ Bop + Bopo S + Bopss2ppa’ + .. — During a field collect under clear conditions, the radiance leaving the tarp targets is
- woTee TR - - = - = measured in the normal direction; however, the BRDF (bidirectional reflectance distribution 2 0.500-0.595| 0.160 + 0.007 0.162 + 0.006 -1.25%
This f Iati olifies to the followi tion: function) of the targets can measured in the SSC Instrument Validation Laboratory (for tarp
IS Tormufation Simplities to the tollowing equation. targets) so the normal-direction radiance can be corrected to the sensor viewing angle 3 0620-0.690| 0.192+0.008 0.192 + 0.008 0%
where : d & A &
704 _p 4 Apigt  BPog Ligt" = L&t o1 * BRDF * Togpgo, 4 0755-0.875| 0.137+0.005 | 0.136 +0.005 0.73%
1 o S,Obg 1 o Spbg Zﬁi"‘ —Topif atmosphere (at - sensor) radiance Wh
4, B, s, and Lyare constants that depend on ere L4, .= radiance from target in normal direction

Table comparing traditional radiative transfer results with simplified radiometric calibration
results; both sets of results generated using two QuickBird acquisitions from 2006

atmospheric properties and geometry

BRDF = correction factor for target reflectance in direction of the sensor

» A further simplified formulation is as follows:

TOA TOA TOA where: [ Spectroradiometer measurement of tarp target Con CI U SionS
L Latm + Ltgt L% = TOA radiance due to atmosphere and adjacency radiance
% = TOA radiance due to target radiance — The spectroradiometers used to measure targets are calibrated in the SSC Instrument « The simplified radiometric calibration approach produces calibration coefficients for the
Validation Laboratory to ensure accurate, field-based radiance measurements QuickBird sensor very similar to those produced by the traditional method

— The simplified approach produced coefficients within 2 percent of the traditional approach

Traditional Vicarious Calibration

Laboratory radiometric Laboratory — The simplifie(_j rgdiometric cal!pration approach_coef_ficients prgduced were within the

« Traditional vicarious calibration of spaceborne sensors relies on the collection of ground truth calibration of sl environmental testing standard deviation of the traditional method calibration coefficients

data coincident with a sensor overpass for use with a radiative transfer code spectroradiometer of spectroradiometer - The simplified calibration approach has several advantages over traditional methods
« At Stennis Space Center, TOA radiance is generated using the radiative transfer code _ : : : :

MODTRAN (Moderate Resolution Transmittance) | ; No aSSl_Jmptlons about atmospheric point spread function, aerosols and molecular

absorption necessary

 Successful execution of these codes requires knowledge of the atmosphere, including ‘ Transm|SS|on through the atmosphere is measured with a hyperspectral sun photometer .

atmospheric transmission; vertical column profiles of water vapor; pressure; and temperature, technique developed at Stennis Space Center that uses spectroradiometer radiance — Reduction in amount and type of ground data collected and processed

total column ozone, and aerosol asymmetry and size distribution measurements of SpeCtra|0n® paneIS . Currenﬂy’ the S|mp||f|ed radiometric calibration approach relies on several aspects of ground
- Assumptions must be made about several atmospheric parameters, including the atmospheric — Accurate calculations of transmission are dependent on a uniform atmosphere truth data collection performed by NASA at Stennis Space Center

E&IS:nsnp[reaaCdefsggggn Fnteln Genlitels [oEe e Gonlilslion e Tk FEelEnEE) Eimel Menies] — Laboratory calibration of spectroradiometers enables this method of measuring — Deployment of multiple large targets spanning a portion of the dynamic range of the sensor

transmission — Laboratory or field measurements of target BRDF

« Collection and processing of data to develop knowledge of the atmosphere can be labor-

intensive and complex, necessitating additional verificatianetaps to ensure accurate vicarious — Laboratory calibration of spectroradiometers
GROUND TRUTH
DATA

radiometric calibrations

Spectroradiometer » Future implementation of the simplified approach will not require laboratory tarp BRDF
7 il measurement of Spectralon measurements because radiance measurements will be made at the sensor viewing geometry
SEr\nglRo\?g\’;lleEéTs?sMgLAR SUN PHO":OMETER SPECTRORADIOMETER, REFERENCE AND
/ \ R T(_BE%M(E)TR(;( o (AEROSOL PROPERTIES) AR R N aE DO, pane s
Flowchart depicting the e ) ! e Refe rences
put
ground truth data collected QR ASYMVETRY D / SACKGrOUND / Software Sute.
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and processing steps _u S_'_u Ing . €a O_VG equa I.OI']S INtO theé Sp e”C_a albedo equ.a |op and solving Or. glyes € Golden, 2003. MODTRAN4 Version 3 Revision 1 User’s Manual. Air Force Research Laboratory, Space Vehicles Directorate, Air
required for accurate s MODTRAN g simplified radiometric calibration approach equation for determination of sensor calibration Force Materiel Command, Hanscom AFB, MA, 11 February. 95 p. http://www.dodsbir.net/sitis/view_pdf.asp?id=BerkA00.pdf (accessed

crg o P O o OO OO OO oroeerereeee eveserraersre OO OO OO OO . February 28, 2007).
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