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Introduction:  The multispectral dataset acquired 

by the Mastcam instrument aboard the Curiosity rover 

is an invaluable tool for interpreting the mineralogic 

composition and geologic history of Gale crater, Mars. 

Mastcam acquires high spatial resolution images in 12 

distinct wavelength positions, ranging from 400 to 1000 

nm [1,2]. Although Mastcam has acquired nearly 500 

multispectral images to date using its narrowband filter 

set, no comprehensive analysis has been performed on 

the entire dataset. 

To characterize and catalogue geologically relevant 

spectra, we have analyzed the full suite of Mastcam 

multispectral images from across Curiosity’s traverse 

and have compiled a comprehensive Mastcam Spectral 

Database (MSD). The creation of this database allows 

us to quantify systematic variations in Mastcam multi-

spectral parameters and to compare those to trends in 

elevation, stratigraphy, and known chemical variations 

as determined by other instruments. With this database, 

we can quickly compare newly-acquired spectra to pre-

vious spectra on the tactical timescale, in order to aid in 

target selection during rover operations. Here, we de-

scribe the methodology for the creation of the MSD and 

software used to quickly query and analyze spectra. An 

overview of initial science results from the database and 

cross-instrumental comparisons is provided in [3], and 

details of spectral variations with stratigraphy across 

Curiosity’s traverse are given in [4]. 

Methods: Mastcam Spectral Database: Database 

creation began with images that were calibrated to I/F 

based on pre-flight calibration coefficients and calibra-

tion target observations [2]. Effects of airfall dust on the 

calibration target have been corrected for using two-

stream radiative transfer models [5]. Spectral end mem-

bers (distinct color units) are manually selected in each 

image as a region of interest (ROI). The selection of 

ROIs requires a trained eye and several tools: false color 

images are created to enhance color variability, and 

decorrelation stretch (DCS) images [6] are created to fill 

the available color space of an image, revealing subtle 

spectral contrasts within images. These techniques, in 

combination with a documented guide of best practices 

(e.g., avoiding shadowed regions, favoring horizontal 

surfaces with the same orientation as the calibration tar-

get on the rover deck) and a geologically-trained eye, 

allow for the selection of ROIs that encompass each 

unique feature in the image, as illustrated in Fig. 1.  

Pixels within each ROI are averaged to extract a rep-

resentative spectrum, which is catalogued in the MSD 

along with accompanying metadata, including: feature 

type, viewing geometry, atmospheric opacity (tau), lo-

cal true solar time (LTST), observation name, sol, rover 

elevation, etc.. Error bars of reflectance values are 

shown as the variance within each ROI, which is typi-

cally larger than the estimated error in the instrument 

calibration [2]. 

Mastcam Spectral Plotter: The Mastcam Multispec-

tral Plotter (MSP) is a standalone application written in 

Python, used to quickly query, plot, analyze, and inter-

act with the MSD. Users can plot against spectral pa-

rameters (reflectance, slope, ratio, or band depth) and 

numerical metadata parameters (tau, elevation, LTST, 

sol, etc.). Additionally, constraints and/or highlights can 

be applied to plotted data based on feature types and/or 

other metadata parameters (e.g., plot only spectra from 

a given lithologic unit, or restrict observations to a given 

LTST range).  

Standard corrections can be applied to the plotted 

data, including an R* correction (dividing reflectance 

by the cosine of the solar incidence angle) or scaling of 

the left and right eyes, which entails normalizing the 

two spectra to their average value at an overlapping 

band position. As a convention in this work and that of 

[3] and [4], the two eyes have been scaled at 1013 nm 

and overlapping bands have been averaged. A variety of 

color schemes and error bar options in conjunction with 

the features discussed above allow for quick and robust 

visualization of Mastcam spectra. Once a plot is created, 

built-in tools allow for plot manipulation and identifica-

tion of outliers. 

Performing a comprehensive analysis of the full 

multispectral database presents unique challenges. Spe-

cifically, visible to near-infrared (VNIR) spectra in the 

Mastcam spectral range (400-1000 nm) are highly sen-

sitive to several factors beyond bulk rock composition 

alone, such as thin coatings of dust, viewing geometry, 

grain size, atmospheric dust opacity, etc.. We have de-

signed the MSP to perform custom queries that can min-

imize these effects. For example, spectra from relatively 

dust-free outcrop surfaces (Dust Removal Tool (DRT) 

targets, broken rocks, and highly windswept surfaces) 

and drill targets have been tagged in the metadata so 

they can be analyzed separately. Furthermore, we can 

treat long-distance observations separately from near- 

and mid-field imaging in order to isolate atmospheric 

and geometric effects on spectra. Other metadata in-

cluded in the database (incidence, emission and phase 
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angles, LTST, tau, Ls, etc.) can be taken into considera-

tion as well in comparative analyses. 

Results: The MSD currently contains over 1700 

unique spectra, covering all major lithologic units ex-

plored across Curiosity’s traverse, with only minor gaps 

in elevation coverage [Fig. 2A]. Additionally, most im-

ages (excluding photometry sequences [7,8]) were ac-

quired within the ideal timeframe for Mastcam observa-

tions (close to local noon, between ~10:30 and 13:30 

LTST) [Fig. 2B], meaning phase angle effects are ex-

pected to have minimal influence on obtained spectra.  

The creation of this database allows for a variety of 

applications and scientific work. Broad spectral trends 

and spectral changes with relation to stratigraphy are 

currently being investigated [3,4]. The MSP allows for 

the MSD to be used quickly, on the tactical timescale to 

help aid the selection of in-situ targets and drill sites.  

Future Work: Our next step is perform a Principle 

Component Analysis (PCA) of the MSD, to separate tar-

gets from across the traverse into distinct spectral clas-

ses. PCA has been employed for comprehensive spec-

tral classifications of Mars Exploration Rover Pancam 

multispectral data from the Spirit and Opportunity rov-

ers [9], as well as for other instruments aboard Curios-

ity, such as ChemCam [e.g., 10]. The separation of 

Mastcam targets into distinct spectral classes will allow 

for the comparison of features across the traverse, find-

ing similarities and differences in thousands of unique 

targets despite large spatial separation between features. 
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Figure 1. Illustration of the process of ROI selection and spec-

trum extraction, as has been performed on every Mastcam multi-

spectral image to compile the database (example from sol 2014, 

mcam 10624): A) Raw RGB right-eye Bayer-filter image. B) 

False color composite showing enhanced color variability (using 

filters R146). C) Decorrelation stretch in which spectral end 

members are easily identified (using filters R126). D) ROIs se-

lected for each end member (various outcrop surfaces, including 

a DRT spot, disturbed and undisturbed soil, and light-toned vein), 

circled in white for visibility. E) The spectra extracted from each 

ROI, with right and left eye data scaled at 1013 nm. Error bars 

represent the variance of values within the ROI.  

 

Figure 2. Representations of all Mastcam multispectral images acquired to data across Curiosity’s traverse: A) Elevation vs sol plot 

demonstrates continuity of the dataset. Only small gaps in elevation coverage are present. Dashed lines represent major stratigraphic 

boundaries [4]. B) LTST vs sol plot, showing that the majority of observations have been taken within 90 minutes of local noon to 

minimize illumination effects and calibration inaccuracies at low Sun angles, as represented by dashed lines at 10:30 and 13:30 LTST. 

Both plots were created by the MSP software described above. 
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