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| The Bidirectional Reflectance Distribution Function




Radiative-transfer model development

Goal: Improve interpretation of HSI data through use of radiative transfer model

Multi-lab team: PNNL, LANI., LINI., SNI.
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Measurements to validate model

Observed spectra depend on both intrinsic material properties (i.e. complex index
of refraction) and extrinsic material properties (surface morphology)
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Instrument concept

Goal: Measurements to support the modeling spiral

> Powder/liquid/film measurements
o Polarimetric measurements
° Spectrally resolved measurements

° LWIR is priority
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Want capability to measure all 4 angles of BRDF to study

asymmetric samples




Design Issues

Source

Low signal Arm
: : Detector Arm

> Small collection aperture, polarizer loss, blackbody source \ e
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Polarizer optics are mounted at the base of the periscope

> Retardance from proprietary protected gold mirror coatings is unknown, must be measured

Polarization optics limit spectral band
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Instrument Modeling

Bruker Model
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Reflectance calibration

Reference method

1. Flux measurements with unknown loss:
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2. Perform reference calibration, not dependent on loss function
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3. Reflectance accuracy depends on knowledge of reference sample
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Sample references

Lab sphere irgold
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Polarized reflectance calibration

Need sample with known angularly, spectrally resolved Mueller matrix

> Using known reference captures variability in atmosphere, temperature, etc, in the inversion method

W'i=M I

ref ~ ref
. -1
Msamp =W Isamp

> We currently report only s and p reflection, TBD when we have retarders available

o Itis a challenge to find a calibrated polarization reference...



Measured Data (120 grit)
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Reflectance (a.u.)

Measured Data (1500 grit)

Calibrated with Irgold
reference
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Expected 1500 to be
brighter than 120.
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Measured Data (nhno powder)

Source Illumination at -15 degrees
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Off specular peaks
expected for roughened
surfaces
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Validation against SOC 100
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Summary

Reference calibration method:

> Compare to flat mirror
> Can model polarization effects
° Measurements are only good at specular angles
> Compare to Irgold
> Good for understanding reflectance of nearly diffuse materials
> Nonsensical results (>1) for samples with large specular component

> Need to measure polarized reflectance

° Need to move to multi-reference method




