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Figure S1. PSP_007718_2350 with areas 1, 2, 3, and A labeled. Areas 1, 2, and 3 were measured in 
prior work (Sholes et al., 2017), and area A was measured for this work. 



 
Figure S2. A subset of HiRISE image TRA_000828_2495 with shadows shown with best-fit ellipses 
(green) and boulder models (blue disks). Ellipses are fit to the boundary of the shadows using 
Orthogonal Distance Regression. Shadows that lack ellipses were either removed due to small size 
or did not have good-fit ellipses. Two boulders with shadows that touch, forming a merged shadow 
region are successfully split by the algorithm. 

 



 

Figure S3. Accuracy assessment for two test images using 100 boulders selected from intersections 
of a uniform grid. For each point on the grid, the nearest boulder with manually-determined 
diameter >1.5 m was marked and measured.  Dashed lines represent linear regressions of the 
plotted data, excluding missed boulders and boulders >2.5 m. The trend for TRA_000828_2495 is 
>1, while the trend for PSP_001391_2465 is <1, but both are within one standard deviation of 1. 
Gray lines denote the 1:1 line (Unity) and ±0.5m, within which observations were considered 
accurate. Observations that fall on the x-axis were missed by MBARS and are noted as false 
negatives in the table. 

 

 

Table S1. Collected final results table for images used in the testing of MBARS (excepting the 
images used for VL1, which were calibrated differently).  The best-fit Rock Abundance (RA) and 
the R2 of the fit are given for manual and MBARS results in each test area. Both the absolute RA 
error, and the RA error as a percentage of the manually-measured RA are given. Both errors vary 
widely, but at least one area within each image shows errors <0.1 RA, often the lower RA area of 
the two test areas. 

Image MBARS 
Boundary 
Parameter 

Manual 
Area 

RA R2 MBARS 
RA 

MBARS 
R2 

RA 
Error 

% 
RA 
Error 

TRA_000828_2495_RED 50 A 1.34 0.8 2.27 0.79 0.93 69.4 
B 0.36 0.94 0.37 0.97 0.01 2.8 

PSP_001391_2465_RED 40* A 0.42 0.97 0.55 0.86 0.13 31.5 
B 0.19 0.99 0.16 0.96 -0.02 10.9 

PSP_007718_2395_RED 70 1** 0.67 0.97 0.52 0.34 -0.15 22.3 
2** 0.65 0.98 0.99 0.33 0.34 52.4 

Image Accurate 
es�mates

Over-
es�mates

Under-
es�mates

Detec�on 
Rate

False 
Nega�ves

TRA_000828_2495 76% 6% 8% 90% 10%

PSP_001391_2465 63% 2% 11% 76% 24%



3** 1.13 0.99 1.23 -1.21 0.10 8.5 
A 0.80 0.99 0.92 -0.66 0.12 14.6 

PSP_001501_2280_RED 50 A 0.45 0.97 0.21 0.83 -0.25 54.1 
B 0.21 0.97 0.24 0.82 0.03 14.4 

PSP_001976_2280_RED 60 A 0.45 0.97 0.23 0.80 -0.23 50.0 
B 0.21 0.97 0.28 0.94 0.07 32.6 

PSP_002055_2280_RED 50 A 0.45 0.97 0.21 0.88 -0.24 53.2 
B 0.21 0.97 0.27 0.92 0.06 29.9 

*: Note that these results were further filtered to better match the Manual analysis, See Section 3.3 

**: These manual analyses come from prior work (Sholes et al., 2017) 
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