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Introduction: The 2003 Mars Exploration Rover
science strategy is to identify promising targets for the
rover using the visible imaging Pancam and thermal
infrared imaging Mini-TES. Those targets would then
undergo detailed examination using a suite of instru-
ments including an alpha particle x-ray spectrometer, a
Mössbauer spectrometer, and a microscopic imager.
Team members will select sites using target morphol-
ogy and color from Pancam, and interpretations of the
mineralogy using Mini-TES. This strategy requires high
quality, near real-time interpretations of Mini-TES
data. [1]

Researchers desire to detect and identify smooth
rock coatings, if present. Smooth rock coatings, such as
desert varnish or cooling rind, may provide information
on the environmental conditions [2].  Desert varnish is
a blackish or brownish stain of iron and manganese on
a rock surface [3].  Exobiologists are particularly inter-
ested in desert varnish because it may be biologically
mediated [4].

A hyperspectral thermal infrared field study, meas-
ured in a manner very similar to the Mini-TES, is
needed.  In February 2002, Kirkland et al. [5] measured
field spectra of test targets in order to study downwel-
ling effects and design systematic field studies.  Of the
target types studied, non-diffuse was the most difficult.
There are no published studies of non-diffuse targets in
the field –using an instrument similar to the Mini-TES.
So, in July 2002, we measured data of a varnished des-
ert pavement.  This dataset provides a systematic field
study, particularly of reflected downwelling radiance
effects.

In analyzing the July 2002 dataset it has become
apparent that no technique exists to compensate for the
downwelling radiance on non-diffuse targets.

Fig 1: Diffuse vs. non-diffuse examples. The smooth surface
of the puddle is non-diffuse (specular) and reflects light.  The
rough surface of the cement is diffuse and scatters light.

Background:  Downwelling radiance is caused by
the radiance of thermal energy unto a target by all ob-
jects in the hemisphere around the target [6].  Reflected
downwelling radiance interferes with the spectrum of a
target by imparting the spectral character of the down-
welling on the target.  Non-diffuse (specular) targets
have a smooth surface so light is reflected at the angle
of incidence.  Thus, as shown in figure 1 and 2a, where
you look at a spectral target the only downwelling you
see is reflected from a single point (line-sight down-
welling).  Diffuse targets have a rough surface such that
light shining upon it is scattered in all directions.
Therefore you see the downwelling integrated from the
entire hemisphere (figure 2b).  Because even smooth
rock coatings are not entirely smooth, they have both
diffuse and specular components.

Fig. 2a: Line-sight downwelling. If a material is non-diffuse
(specular) light will reflect off the material, like a mirror. The
downwelling is then only representative of one point in the
sky.  D1,R1=sky downwelling, reflected sky downwelling;
D2,R2=cloud downwelling, reflected cloud downwelling;
D3,R3=mountain downwelling, reflected mountain down-
welling.

Fig 2b: Hemispheroidal downwelling. If a material is dif-
fuse light will scatter off the material in every direction.  The
reflected downwelling measured is the integration of all pos-
sible line-sight downwelling in the hemisphere.
D1,R1=integrated downwelling of the hemisphere, reflected
hemispheroidal downwelling.
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Table 1: Instrument parameters
FOV (mrad) el (deg) az (deg) sampling (cm-1) range (µm) height (m)

Mini-TES[7] 20 or 8 -50 to +30 360 10 5–25 ~1.4

M100 8.7 -70 to +90 360 2 7.5–13.5 ~2, 2.5, 3
FOV = field of view; el, az = elevation, azimuth range; sampling = spectral sampling interval; range = spectral range; height of FOV

Reflected downwelling radiance is a complication
inherent in field measurements, and it increases with
higher emission angles.  Most past studies were meas-
ured from satellite or aircraft directly above the target
(low emission angles and atmospheric reabsorption), so
the effect of downwelling may be insignificant com-
pared to atmospheric absorption.

Data measured:  We used primarily two datasets
for this project.  The first dataset was measured in Feb-
ruary 2002 by Kirkland et al. [5].  This dataset con-
tained both diffuse and non-diffuse targets of known
composition in various positions to alter the downwel-
ling in a predicable manner.  The second dataset was
measured in July 2002 at a desert pavement site con-
sisting of primarily vanished basalt.  We wanted a fairly
level pavement in order to get a more controlled swing
in emission angle.

We learned several things from the February dataset
that we applied to the July dataset. We know that it is
required to have a diffuse, high reflectance material (in
our case, a sandblasted aluminum plate) in each scene
to measure the hemispherical downwelling. We meas-
ured several sky spectra to approximate line-sight
downwelling. And we developed methods of processing
the data to evaluate the downwelling compensation
technique.

Both datasets were measured using The Aerospace
Corporation equipment. This includes Block Engi-
neering Model 100 (M100) Fourier transform infrared
interferometers. The M100 measures hyperspectral
images using a precisely controlled mirror that raster
scans in two dimensions at 25 Hz, and it records the
viewing angles with the data.  The viewing geometry
and scanning system are very similar to the Mini-TES
(Table 1). [1]

Procedure: The raw raster images must be cali-
brated and converted several times before we can ana-
lyze them.  First the data are calibrated to radiance us-
ing a polynomial fit to ambient and blackbody plates of
known temperature.  The radiance values are then con-
verted to brightness temperature.  The reference black-
body curve of the target is taken as the maximum
brightness temperature measured.  [1]

Next, the data must be converted to apparent emis-
sivity for comparison to laboratory data as illustrated in
figure 3. The current community standard conversion
technique for TES data is the “simple ratio.”  A simple
ratio is the measured radiance divided by the maximum
brightness temperature blackbody fit.  The simple ratio
ignores downwelling radiance and therefore is not ideal

for field studies.
Another conversion technique compensates for dif-

fuse downwelling radiance.  The so called “special ra-
tio” uses the diffuse downwelling as the zero emissivity
line [8].  The special ratio is the difference between the
measured radiance and diffuse downwelling, divided by
the difference between the blackbody fit and diffuse
downwelling.

To evaluate the conversion techniques we calcu-
lated  both the simple and special ratios for our non-
diffuse desert varnish site.  We then compared them to
a lab spectra of desert varnish (see figure 4).
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Fig. 3: Apparent emissivity conversion techniques. The
upper curve is a blackbody fit to the highest brightness tem-
perature; the middle trace was measured of a quartz-sand
target, and the lower trace of a diffuse aluminum target.  Ar-
row 1 illustrates a ratio compensated for downwelling radi-
ance ("special ratio"), and Arrow 2 shows a simple ratio.
[5]
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sight and high reflectance diffuse targets in varying
amounts is needed to get high quality downwelling
compensation of non-diffuse targets.  The effect of
temperature should also be included.  Further work will
attempt to develop such a technique.

It is especially important  to understand the nature
of the line-sight measurements and their contribution to
downwelling because the MER rovers are not equipped
with a target to measure diffuse downwelling.  The
Mini-TES will make line-sight downwelling measure-
ments.  An example of line-sight and diffuse downwel-
ling measurements is provided in figure 6.  Our experi-
ence is that direct, line-sight measurement of the sky
does not accurately record the diffuse downwelling
radiance.  The results should be simulated and exam-
ined.

Fig. 6:  Downwelling measurements.  The "diffuse Al" trace
shows a spectrum measured of a diffuse aluminum target,
compensated for the true reflectance; the "salt" target is
~5 mm rock salt particles; and "sky" shows a point measure-
ment of the sky near zenith. Note that diffuse and line-sight
downwelling radiance differ significantly.
[1]
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