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Introduction: On December 14, 2013, the
Chang'E-3 (CE-3) mission placed a lander and rover on
the lunar surface in Mare Imbrium [1, 2]. The rover car-
ried a pair of mast-mounted Panoramic Cameras
(PCAM [3]), used to collect monochrome and color
(red-green-blue, RGB) images of the surface during the
rover's traverse. We are exploring the usefulness of
these broadband color images for studies of rocks and
soils at the landing site.

Lunar Sample Context: A better understanding of
variations in the RBG color space is needed as a frame-
work for more detailed interpretation of the PCAM
color data, and would also be useful for analysis of data
from future lunar rovers or landers that may carry a
Bayer-filter camera similar to PCAM. To help establish
this framework, we consider low- and medium-Ti
Apollo mare soils, with Ti contents ranging from ~2—6
wt.% TiOz (the basalts at the CE-3 landing site contain
~5 wt.% TiOz [2]). We took RELAB laboratory reflec-
tance spectra [4] for the soils and convolved them to the
PCAM RBG responsivities. Plots of color ratios (Figs.
1 and 2) illustrate trends related to space weathering in
these samples of known soil maturity index (Is/FeO). In
general, for each sample, fresher material (lower Is/FeO)
has higher values of the color ratios. Next, we con-
volved spectra of lunar mineral separates to the PCAM
responsivities, and plotted the color ratios (Fig. 3 and 4).
The plagioclase is distinguishable from the other miner-
als by having high values in all three ratios. Olivine has
intermediate values in all three ratios.

Processing PCAM images: We obtained Level 2B
images archived at the National Astronomical Observa-
tories of the Chinese Academy of Sciences website. Im-
age reduction to radiance for each pixel includes correc-
tion for dark current, flat field, gain, and exposure time
[6, 7]. Geometric information for each image includes
the solar zenith and azimuth angles, and the platform
and camera orientation. We performed demosaicking
[8] and converted the R, G, and B image planes to radi-
ance using calibration coefficients contained in the im-
age headers [9]. The radiance images were divided by
the solar spectrum [10] convolved to the PCAM respon-
sivities in order to produce images in units of reflectance
factor (//F), following the method of Jin et al. (2015)
[9]. We then form the three ratios B/R, B/G, and G/R.
To first order, spectral ratios normalize photometric dif-
ferences caused by the widely varying incidence and
emergence angles that are typically present within a
scene.

Discussion: Distinctive bright spots are seen on the
large boulder visited by the rover. Some authors have
described the bright spots as micrometeoroid impact
"zap pits" [11], while others [1, 2, 12] refer to the bright
spots as phenocrysts, i.e., large mineral grains. We
sought to determine if the PCAM color data can help to
distinguish between zap pits and large mineral crystals.
We defined regions of interest (ROIs) in the PCAM im-
age of the boulder (Fig. 5), and plotted the pixels from
each ROI on color-ratio plots (Figs. 6). The scatter plots
show that the fresher pixels on the boulder have higher
ratios than the more mature soil in the foreground, con-
sistent with our findings for the Apollo soils (Figs. 1 and
2).

The pixels in the ROI for the boulder front (red

points) extend to the highest values in the three ratios.
This suggests that the most extreme (high ratio) pixels
could represent plagioclase grains (compare Figs. 3 and
4). However, examination of ratio values for the bright-
est pixels reveals that the bright pixels have intermedi-
ate ratio values. Hence, it might be that the bright pixels
correspond to large olivine crystals (Figs. 3 and 4). This
is consistent with the analysis of data from the CE-3
Visible and Near-infrared Spectrometer and Active Par-
ticle X-ray Spectrometer by Zhang et al. [13], who con-
cluded that the regolith at the landing site contains a
high abundance of olivine. Alternatively, the ratio val-
ues of the bright pixels could result from mixtures of the
major minerals, which would tend to produce interme-
diate ratios. If this is the case, the bright spots poten-
tially represent micro-crater zap pits. Thus, it may not
be possible to distinguish between phenocrysts and mi-
cro-craters with the PCAM color data.
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Fig. 1.

Plot of the B/G ratio vs. B/R ratio for low- and medium-
Timare soils. Labels on the data points give the sample's
Is/FeO value.

0941 912001_10-20

m12001_20-45
©12001_lessthan10
A 12001_lessthan45 32
©12030_10-20
12030_20-45
0.92 ©12030_lessthan10
A 12030_lessthan45
©15041_10-20 o
E15041_20-45 7
©15041_lessthan10 Is1]
A15041_lessthand5 @l [
090 | ©15071_10-20 om
B15071_20-45 1wo—g Mol
©15071_lessthan10 ]
215071_lessthands 92
079221_10-20 [5)
079221_20-45 E=
A

Green/Red

©79221_lessthan10
088 1 779221 lessthand5

<&
ECRECN
<

0.86
0.88 0.90

Fig. 2.
Plot of the G/R ratio vs. B/G ratio for the Apollo soils
of Fig. 1.
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Fig. 3.
RELAB spectra for four lunar mineral separates, con-
volved to the PCAM responsivities, and plotted as the
color ratios.
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Fig. 4.
G/R ratio vs. B/R ratio plot for the minerals of Fig. 3.
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Fig. 5.

Image ROIs were defined for a large boulder front (red),
foreground soil and small rock (green), and bright fore-
ground rock (blue).
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Fig. 6.

Plot of B/G ratio vs. B/R ratio for 200 random points for
each ROI from Fig. 5, with Apollo soils from Fig. 1, and
mineral separates from Fig. 3.
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