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• Landing site 
selection (MSL)
• Mars Science 

Laboratory 
required: <0.5% 
chance of landing 
on a rock taller than 
0.55 m

Motivation

Apollo	  14	  – “Big	  Rock”	  1.5	  m	  wide,	  0.6	  m	  high	  
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• Sample acquisition planning

Motivation

Chang’e 3	  lander	  panorama
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• Understand 
geologic processes 
and ages

Motivation

Lunar	  Reconnaissance	  Orbiter	  Camera	  (LROC)	  image	  of	  the	  central	  uplift	  in	  Copernicus	  crater
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Previous approaches
1. Counting rocks in visible imagery 
• Requires better than 0.5 m/pixel resolution

2. Multispectral thermal infrared data
• Rocks have higher thermal inertia than regolith

à Multiple temperatures within a pixel
• Warm temperatures have a stronger influence at 

short wavelengths
• Can detect subpixel rocks
• Assume rock temperature from a 1D model

à Only detect large rocks (>1 m)
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Improved approach

• Real rocks vary in size 
à Different temperatures and cooling rates

• 3D thermal modeling of different sized rocks 
allows the detection of smaller rocks
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• COMSOL Multiphysics – finite element commercial 
software
• Half hemisphere of rock embedded in regolith, flat 

surface
• Different sizes and latitudes
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Observations

• Data from the Lunar Reconnaissance Orbiter 
(LRO) Diviner radiometer 
• 9 spectral channels 0.3 to 400 microns (we use  3 

channels from 13-100 microns)
• Global coverage including diurnal variability
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Model radiance

• Model of expected radiance for 10% rock 
coverage by 10 cm rocks and 1 m rocks 
compared to no rocks
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Size Frequency Distribution
• An exponential function is a good fit to rock 

distributions on the Earth and Mars, related to 
fracture theory (Golombek and Rapp, 1997)

𝐹 𝐷 = 𝑘𝑒&'(

F cumulative fractional area covered by 
rocks of size D or larger

k total fractional area covered by rocks
q governs rate of drop-off at large rock sizes



Chang’e 3 site

analyses of the relationship of size frequencies and space at the
CE-3 landing site are valuable in investigating the mechanism of
their formation.

A number of studies have been made on block distributions
around craters on the lunar surface (Cintala and McBride, 1994;
Hutton, 1969; Moore et al., 1969; Shoemaker and Morris, 1968;
Bart and Melosh, 2007, 2010a, 2010b). Moore et al. (1969) found
that the frequencies of rocks per unit area usually decrease with
distance from a crater and, according to Surveyor statistics, fre-
quencies of blocks around fresh lunar craters change with size,
locale, and distance from the crater rim. The results show that
frequencies of blocks larger than one meter across are higher on
rough mare than on smooth mare. Shoemaker and Morris (1968)
studied the size distribution of the fragmented debris in the
strewn fields of blocks surrounding craters with raised rims at the
Surveyor III landing site. Hutton (1969) showed that block dis-
tributions around craters vary from crater to crater. Cintala and
McBride (1994) presented rock distributions for the Surveyor I, III,
and VI sites as three distinct groups: blocks inside craters, blocks
between craters, and all blocks. Moreover, complex relationships
have been suggested to describe the decrease in both total rock
abundance and maximum block size with distance from the crater

Table 3
Parameters for each waypoint.

Site N0101 N0102 N0103 N0104 N0105 N0106 N0107 All sites

Rock area (m2) 8.346 2.336 1.398 1.180 0.697 0.635 0.830 15.422
k 0.03639 0.0116 0.00547 0.00507 0.00360 0.00633 0.00481 0.0125
l !1.216 !2.163 !1.506 !2.398 !7.969 !7.563 !6.803 !1.743
R2 0.9908 0.8995 0.9977 0.9545 0.9673 0.9713 0.9752 0.9965

Fig. 8. Cumulative fractional area covered by rocks versus rock diameter at the CE-
3 site.

Fig. 9. Cumulative fractional area covered by rocks versus rock diameter at the CE-
3 site. Exponential model size-frequency distributions from Eq. (2) for 1%, 2%, 3%,
and 5% are also shown.

Fig. 10. Cumulative number of rocks per square meter greater than a given dia-
meter versus rock diameter measured at the CE-3 site.

Table 2
Rock number for each waypoint.

Site Maximum diameter (m) Minimum diameter (m) Average diameter (m) Maximum height (m) Minimum height (m) Average height (m) Total number

N0101 1.533 0.050 0.146 0.359 0.001 0.034 198
N0102 0.668 0.053 0.164 0.314 0.001 0.040 81
N0103 0.841 0.051 0.147 0.129 0.002 0.040 50
N0104 0.660 0.052 0.153 0.115 0.004 0.044 40
N0105 0.322 0.050 0.100 0.083 0.001 0.030 65
N0106 0.294 0.050 0.089 0.099 0.002 0.029 76
N0107 0.412 0.050 0.102 0.089 0.003 0.030 72

K. Di et al. / Planetary and Space Science 120 (2016) 103–112110

Di	  et	  al.	  
(2016)

k	  =	  0.036
q	  =	  1.22

k	  =	  0.0036
q	  =	  7.97

𝐹 𝐷 = 𝑘𝑒&'(

𝐹 𝐷

High	  q:
Not	  many	  
large	  rocks

𝐷
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Size Frequency Distribution
• Rock size frequency distribution and model 

temperatures à model radiance
• Compare to Diviner radiance at multiple times 

and channels 6, 7, 8
𝐹 𝐷 = 𝑘𝑒&'(

F cumulative fractional area covered by 
rocks of size D or larger

k total fractional area covered by rocks
q governs rate of drop-off at large rock sizes
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k

Note:	  Final	  full	  resolution	  maps	  will	  be	  128	  pixels	  per	  degree



Catherine Elder (3223)September, 23 2016

k

0

4

2

Longitude
0

0

50

-50

La
tit

ud
e

50-50-100-150 100 150

Previous 
method



Catherine Elder (3223)September, 23 2016

0

4

2

Longitude
0

0

50

-50

La
tit

ud
e

50-50-100-150 100 150

Previous 
method



Catherine Elder (3223)September, 23 2016

k

0

4

2

Longitude
0

0

50

-50

La
tit

ud
e

50-50-100-150 100 150

Previous 
method



Catherine Elder (3223)September, 23 2016

More	  
large	  rocks

Fewer	  
large	  rocks
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Future work
• Model diurnal temperature curves for more 

rock sizes and latitudes.
• Validate the method by counting rocks in high 

resolution images from the Lunar 
Reconnaissance Orbiter Camera (LROC) and 
landing sites.
• Apply algorithm to full resolution Diviner data to 

produce higher resolution global maps.
• Produce global maps of rocks in different size 

ranges.
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Conclusions
• We detect rocks orders of magnitude smaller 

than previous work
• There are local areas of high rock abundance 

in both highlands and maria
• The lunar maria have more large rocks relative 

to the lunar highlands
à Consistent with the highlands older age


