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   Introduction: The Mast Camera (Mastcam) imaging 
system on the Curiosity rover acquired images of the 
same terrain at multiple times of day at three new rover 
locations between sols 171 and 443, expanding on data 
previously acquired [1,2].  In addition, the Mars Hand 
Lens Imager (MAHLI) [3] on the rover arm was used 
as a goniometer to acquire a useful multiple-viewpoint 
(phase angle) data set on sol 544. These data ultimately 
will be used to investigate the light scattering 
properties of rocks and soils along the Curiosity 
traverse using radiative transfer models [e.g., 4]. 
   Data sets: Mastcam. Images were acquired by the 
Mastcam-34 (M-34) camera on Sols 171-184 while the 
rover was parked at the John_Klein drill target.  This 
data set comprised two 2x1 mosaics pointed east and 
west at six times of day (Table 1) (Fig. 1a-b).  On Sol 
397 while the rover was preparing to analyze vein-like 
materials, M-34 images were acquired pointing east 
(single frame) and west (2x1 mosaic) at five times of 
day (Fig. 1c-d). During Sols 441-443 while the rover 
was parked at the Cooperstown outcrop, M-34 images 
were acquired via two 2x1 mosaics pointed east and 
west at five times of day (Fig. 1e-f). All data sets were 
acquired using filters centered at 445, 527, 751, and 
1012 nm, and all images were jpeg-compressed.  Each 
data set provided phase angle coverage from near zero 
to ~140° for a variety of rock and soils at each 
location. Navigation Camera (Navcam) stereo images 
were also acquired with each data set to provide terrain 
measurements for computing local incidence and 
emission angles [1]. 
   Data sets: MAHLI. On Sol 544, an experiment was 
performed using the MAHLI camera as a goniometer 
(sequence ID mhli0350).  In this experiment images 
were acquired at 20 arm positions, all centered at the 
same location within the work volume, and all from a 
near-constant distance of 1.0 m from the surface (Fig. 
2a). Although this trial run was acquired at only one 
time of day (~13:30 LTST), it provided phase angle 
coverage from near zero to ~110°. Acquisition of 
images from 20 different viewpoints allowed 
construction of a shape model of the surface (Fig. 2b).  
   Methods. Preliminary calibration of Mastcam and 
MAHLI images involved conversion to radiance and 
use of preliminary flat field images [2].  Although the 
spatial resolution of the Navcam images is ~3x lower 
than the M-34 data, geometric registration and 
projection of the M-34 images onto terrain models 

generated from Navcam stereo pairs has been 
successfully demonstrated [2]. These data will be used 
to correct local slopes in M-34 images prior to input to 
radiative transfer models [e.g., 4]. Paired images from 
the MAHLI goniometer experiment are being used to 
produce stereo products (e.g., surface normals) for 
similar corrections for local slopes and facets. 
Table 1. Mastcam image sequences used in this work. 
Sol Sequences 

(mcam0*) 
LTST 
(avg) 

Phase angle 
(avg °) 

171 0916, 0917 12:00 75, 61 
171 0918, 0920 13:25 60, 80 
172 0921,0923 08:33 120, 14 
173 0932, 0934 16:52 42, 119 
184 0995, 0997 09:30 106,26 
184 1000,1002 14:54 97, 47 

397 1634,1636 10:48 92, 57 
397 1637,1639 12:18 70, 78 
397 1642,1644 13:49 48, 100 
397 1645, 1647 15:23 25, 122 
397 1648,1650 16:28 9, 138 

441 1804,1806 11:05 75, 61 
441 1811,1812 12:49 50, 84 
441 1815,1817 13:58 34, 98 
442 1818,1820 16:29 6, 133 
443 1822,1824 15:13 16, 116 

LTST=Local True Solar Time 
   Preliminary Results. Figure 3 shows preliminary 
radiance curves for the red, green, and blue channels of 
the MAHLI Bayer filter extracted from a typical soil 
near the center of the images acquired on Sol 544.  
These materials appear relatively back-scattering, con-
sistent with previous analyses of martian soils [4].  
   Future work. MAHLI goniometer observations ac-
quired at multiple times of day will be useful in 
providing greater phase angle coverage. Refinements 
to the radiometric calibration of Mastcam and MAHLI 
data is ongoing [2], as are atmospheric opacity models 
to correct for the diffuse component of reflectance 
[e.g., 5]. Radiative transfer model results will be com-
pared among these data sets in combination with those 
from [1], to results from previous rover analyses [4], to 
future Mastcam and MAHLI photometric data sets to 
be acquired during the mission, and to multi-angle 
orbital CRISM observations of Gale Crater [e.g., 6]. 
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Fig. 1. False-color M34 images (RGB as 751, 527, 445 
nm): (a) Sol 172, 08:28 LTST (east); (b) Sol 171, 13:26 
LTST (west); (c) Sol 397, 10:44 LTST (East); (d) Sol 397, 
12:18 LTST (West); (e) Sol 443, 15:09 LTST (east); (f) 
Sol 441, 13:58 LTST (west).  
 
 
 
 
 
 
 
 
 
 
 

References: [1] Johnson, J.R. et al., LPSC, 
abstract #1371, 2013; [2] Bell et al., LPSC 
abstract #1417, 2013; [3] Edgett, K. et al. 
(2012) Space Sci. Rev. 170, 259-317 [4] 
Johnson et al., JGR., 111, doi:10.1029/ 
2005JE002494, 2006; Johnson et al., JGR, 111, 
doi:10.1029/2006JE002762, 2006; [5] 
Lemmon, M.T., et al., Icarus, 2014, in press; 
also, abstract in this conference. [6] Fernando, 
J., et al.  JGR, 118, no. 3, 534-559, 2013.  

Fig 2. (a) Representative MAHLI image from 
the Sol 544 goniometer experiment (Image ID 
0544MH0003500000201479E01). Small light-
toned block noted with yellow arrow (“Nita”) is 
~4-5 cm across; (b) 3-dimensional rendering of 
scene built from 20 MAHLI images (plus 5 
Mastcam images of the area). 

Fig 3. Preliminary radiance phase curves for dusty 
soil in center of MAHLI images (magenta circle in 
Fig. 2a), shown for red, green, and blue bands.  
Simple quadratic fit to points shown to emphasize 
backscattering nature of soils [cf. 4]. 
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