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Introduction:  The 2003 Mars Exploration Rover 

science strategy is to identify promising targets using 
the visible/near-infrared imaging Pancam and the ther-
mal infrared spectrometer Mini-TES.  The rover would 
then traverse to those targets for more detailed 
examination. Team members will select geologic tar-
gets from target morphology and color using Pancam, 
and target mineralogy using Mini-TES. This strategy 
requires low ambiguity, near real-time interpretations 
of Pancam and Mini-TES data. 

Field spectrometer (i.e. Mini-TES) measurements 
differ significantly from both laboratory and airborne/ 
satellite (i.e. Mars Global Surveyor TES) measure-
ments. The primary difference in ground-based meas-
urements is that reflected atmospheric downwelling 
radiance can significantly complicate the result. Here 
we show compensation strategies, including a new 
method that relies entirely on line-sight sky measure-
ments.   

Data:  Our instrumentation is the only thermal in-
frared hyperspectral imager used in the field, and it 
measures with the highest fidelity to the Mini-TES of 
any field instrumentation available.  We use Model 
100 (M100) Block Engineering Fourier transform in-
frared interferometers in raster-scanning configura-
tions.  Table 1 compares the instruments. 
 
Table 1: Instrument Comparison 
 M100 [1] Mini-TES [2] 
FOV (mrad) 9 8 or 20 
Sampling (cm-1) 2 10 
Range (µm) 7.5 – 13.5 5-25 
Height (m) 2-3 1.4 
FOV=field of view, sampling=spectral sampling interval, 
range=spectral range, height=height of FOV 

 
Downwelling Radiance: Reflected downwelling 

radiance is the thermal energy radiated onto a target by 
all objects in a hemisphere surrounding the target, in-
cluding topography and atmospheric gases and aero-
sols.  Downwelling radiance causes the spectral char-
acter of the target to be effectively larger (i.e. higher 
radiance, higher brightness temperature, etc.) relative 
to the expected spectrum (see Figure 1).  The signifi-
cance of the downwelling radiance component differs 
with the environment of measurement. Indeed, for 
relatively cold targets and/or relatively warm (dusty) 
atmospheres downwelling radiance compensation is 

much more important than for relatively warm targets 
and/or relatively cold (dust-free) atmospheres. 
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component. A notable exception is desert varnish, 
which has a strong specular component [4]. 

Simple Integrated Sky Method: We have devel-
oped a new method (simple integrated sky method) of 
compensating for hemispherical downwelling radiance 
in absence of a known diffuse target. For targets in 
open terrain (i.e. not next to a cliff), the sky is the pre-
dominate source of downwelling radiance. The hemi-
spherical downwelling can be calculated by modeling 
the thermal radiance of the sky. Assuming a homoge-
neous sky (clouds-free), one can effectively model the 
hemispherical downwelling by extrapolating and 
summing the relative contributions of line-sight meas-
urements of the sky.   

Procedure. Through analyzing line-sight measure-
ments of the sky, we have found that for a given 
wavenumber, the plot of radiance vs. latitude is con-
tinuous curve (see Figure 2). The radiance value for 
each latitude is then weighted by extrapolating the area 
for each latitude around the hemisphere (see Figure 3).  
Next, the weighted radiance values are summed to 
determine a total radiance value for the wavenumber.  
This process is repeated for each wavenumber.  

Results. We have found the simple integrated sky 
method to be a satisfactory technique for hemispheri-
cal downwelling compensation for a diffuse target. 
Figure 4 shows a comparison of compensation meth-
ods.   
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Figure 2: Radiance vs. Latitude (degress elevation above 
horizon). The higher latitude portion of the curve can be 
accurately approximated using a 2nd order polynomial fit, R2 
= 0.99.  This allows us to model the curve to zenith. 

 
Implications for Mini-TES:  It is unclear whether 

or not downwelling radiance will be a significant fac-
tor on Mars. The primary impact will be for the 
following cases: (1) wavelengths with lower target 
radiance; (2) colder target temperature; (3) warmer 
atmospheric conditions (e.g., higher dust loading, 
clouds).  If so, Mini-TES data will need compensation 
for downwelling radiance to attain the best result.  The 
rover does not carry a high reflectance diffuse 
calibration target so the correction would need to be 
made using line-sight measurements of the sky. 

Conclusions: Our field experience has made it 
clear that downwelling radiance is a significant prob-
lem in some cases. The simple integrated sky method 
gives us a valuable tool to help correct for hemispheri-
cal downwelling when a high reflectance diffuse cali-
bration target is not available. The simple integrated 
sky method is a simple solution to a problem that oth-
erwise requires a complex model. While adequate for 
diffuse targets in open terrain, the simple integrated 
sky method will be less effective for targets in areas of 
high relief and targets with strong specular compo-
nents. Further development and testing of downwel-
ling radiance compensation techniques is required. 

 

latitude angle

Figure 3: Weighting the latitudes.  Each latitude is 
extrapolated to the hemisphere creating a ring of equal arc 
length.  The weight of each latitude is equal to the fraction of 
the sky occupied by the ring. Here the lower latitude blue 
ring would be weighted more than the higher latitude red 
ring.  
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Figure 4: Comparison of Compensation Methods.  The 
top purple trace is SEBASS.  The green trace is uncorrected 
for downwelling radiance.  The red trace is corrected for 
downwelling radiance using a diffuse calibration target.  The 
blue trace is corrected for downwelling radiance using the 
simple integrated sky method. 
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