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Introduction: Mars Exploration Rover (MER) 

Panoramic Camera (Pancam) [1] observations include 
multispectral data sets designed specifically to support 
the photometric analysis of Martian surface materials 
[2]. We report on the numerical inversion of observed 
Pancam radiance on sensor data to determine the best-
fit surface bidirectional reflectance parameters as de-
fined by Hapke theory [3]. The model bidirectional 
reflectance parameters for the Martian surface provide 
constraints on physical and material properties and 
allow for the direct comparison of Pancam and orbital 
data sets. 

Observation Strategy: The Pancam data sets used 
in this investigation were acquired during dedicated 
multi-sol photometric experiments conducted by both 
rovers. The MER-A data set was acquired on sols 102-
103 LST-A and the MER-B data set was acquired on 
sols 089-091 LST-B. Five filter (L2: 754 nm; L4: 601 
nm; L7: 432 nm; R1: 436 nm; R7: 1009 nm), three tier 
mosaics extending from the rover deck to the horizon 
were acquired at four azimuth directions at multiple 
times of day. The mosaic azimuths included the anti-
sunrise and anti-sunset directions (the photometric 
equator) as well as due north and south (Figure 1). 
The multi-sol observation strategy resulted in exten-
sive sampling of the photometric delta azimuth (Fig-
ure 2) and phase space (Figure 3). 

Observation Geometry: The observation geome-
try (incidence, emission, and phase angle) for every 
pixel of each Pancam frame in the photometric data set 
is calculated using a combination of the CAHVOR 
camera model [4] and rover telemetry data that pro-
vides the rover and camera orientation at the time of 
image acquisition. For this study the surface surround-
ing the rover is modeled as a single photometric unit 
and treated as a flat plane, consistent with the spatial 
resolution of orbital observations.  

Radiance Forward Models: The radiance on sen-
sor forward models are calculated using a customized 
implementation of the Discrete Ordinate Radiative 
Transfer (DISORT) package [5]. The DISORT imple-
mentation includes a plane-parallel model of the Mar-
tian atmosphere derived from a combination of Ther-
mal Emission Spectrometer and Pancam atmospheric 
data acquired near in time to the surface observations 
[6,7,8]. This model accounts for bidirectional illumina-
tion from the attenuated solar beam and hemispherical-
directional diffuse skylight illumination. The reflec-

tance of the lower boundary in the DISORT model is 
specified by the four parameter Hapke bidirectional 
reflectance function in conjunction with a two parame-
ter Henyey-Greenstein phase function. 

For each Pancam image in the data set, the six-
dimensional bidirectional reflectance parameter space 
is discretely populated with model radiance on sensor 
values. This results in an eight-dimensional radiance 
lookup table with axes that sample the bidirectional 
reflectance parameters to be optimized and two spatial 
coordinates (azimuth and emission angle). 

Parameter Optimization: The observed radiance 
data and calculated geometry bands are spatially re-
sampled to reduce data volume and high frequency 
spatial variability. Parameter optimization is performed 
with a Levenberg-Marquardt nonlinear least squares 
optimization engine. The Jacobian matrix partial de-
rivatives are determined by finite-difference approxi-
mation. Iterative radiance forward models for each 
resampled data point are calculated by multilinear in-
terpolation of the appropriate radiance lookup table. 

Results and Future Work: Four of the six bidi-
rectional reflectance parameters have been incorpo-
rated into the radiance inversion. The current best-fit 
bidirectional reflectance parameters for Meridiani 
Planum at 754 nm are – single scattering albedo: 
0.596; roughness parameter: 15.4 degrees; phase func-
tion asymmetry: 0.243; and phase function forward 
fraction: 0.376. The optimized single particle phase 
function is shown in Figure 4.  

The single scattering albedo derived for the Merid-
iani Planum surface is slightly higher than the value 
for dark soil at the Mars Pathfinder site at a compara-
ble wavelength. The inferred roughness parameter is 
significantly higher than the modeled roughness for 
any of the Pathfinder soils [9]. Examination of Pancam 
and Microscopic Imager data suggest that the inferred 
roughness parameter is largely controlled by millime-
ter to centimeter scale roughness. 

Following the incorporation of the opposition ef-
fect parameters (opposition angular width and ampli-
tude) into the radiance inversion, the six-parameter 
optimization will be completed for the five filter 
photometric data sets acquired by both rovers. The 
complete parameterization of the surface bidirectional 
reflectance will be used to define the lower boundary 
in future radiative transfer analyses of orbital data ac-
quired over the MER landing sites. 
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Figure 1. Polar perspective of the MER-B photometric 
observation strategy. The photometric equator lies 
along the east and west trending mosaics. The L2 (754 
nm) mosaics shown were acquired sequentially with a 
solar azimuth of approximately 285°. The backscat-
tering nature of the Terra Meridiani surface is readily 
apparent. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Distribution of MER-B 754 nm Pancam 
photometric observations in emission - delta azimuth 
(radius - theta) space. Each of the four greyscale levels 
correspond to a  quartet of constant-azimuth mosaics. 
The incident plane is at zero azimuth in this view. Ra-
dial lines indicate the solar elevation angle. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Phase angle sampling achieved by the MER 
photometric observation strategy. Rover deck obscura-
tion limited the observation of small phase angles. Op-
erational time of day restrictions limited data acquisi-
tion at large phase angles. The source images were 
resampled by a factor of 16 in this example. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Polar plot of the model two parameter Hen-
yey-Greenstein phase function for the Meridiani 
Planum surface at 754 nm. The plot is in magnitude – 
phase angle (radius - theta) space.  
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