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Introduction: The Chang’E-4 has successfully
landed at Von Kármán crater on the far side of the
Moon on January 3, 2019, and its Yutu-2 rover has
explored the lunar surface for more than one year and
traversed over 300 m. The Visible and Near-infrared
Imaging Spectrometer (VNIS) on board the rover
provides us an excellent opportunity to study the
mineralogy of Von Kármán crater located in South
Pole-Aitken (SPA) impact basin through in situ
measurements. Using the visible and near-infrared data
from the the rover, we studied spectral variability of
the lunar regolith at the landing site and derived
mineral abundances along rover’s traverse. These
analyses provide important clues on the evolution
history of the region.

Data Sets: The VNIS consists of a
complementary meta-oxide semiconductor (CMOS)
imager and a single pixel short-wavelength infrared
(SWIR) detector. The image collected by CMOS
imager contains 256x256 pixels, and the spectra range
of the each pixel is between 450 and 945 nm with
spectral resolution of 2~7 nm. The SWIR has a
spectral range between 900 and 2395 nm with spectral
resolution of 3~12 nm) [1]. The instrument is bounded
on the front of the rover at a height of ~0.7 m and
collects spectra at a fixed 45° emission angle. The field
of views of the CMOS imager is 8.5° capturing an area
of ~15 cm x 21 cm.v The field of views of SWIR is
3.58°, measuring a circular area with a radius of ~3.5
cm within the area imaged by the CMOS imager. More
details about the VNIS instrumentation and
calibrations can be found in Li et al. [2] and He et al.
[1].

Spectral Unmixing and Validation: The goal of
spectral mixture analysis is to fit an observed spectrum
with a suite of spectral endmembers using the least
squares technique, subject to the constraint that the

sum of the weighted fractions is unity [3]. In this work,
we first converted the measured reflectance into single
scattering albedo (SSA) using Hapke model [4]. Based
on the reflectance spectra of the chosen spectral
endmembers (i.e., typical minerals found on the Moon),
we derived the optical constants of these endmembers
and then build a suite of SSA spectral library. To
perform the spectral unmixing, the single-scattering
albedos of lunar surface were modeled using a
nonnegative least squares (NNLS) linear
deconvolution algorithm [5, 6].

To validate spectral unmixing
results, 38 lunar soil samples with
known abundance from Lunar Soil
Characterization Consortium
(LSCC) database were tested. Our
the results are shown in Figure 1,
which indicates that the spectral
unmixing model used in this work
has accuracy within ~15%.
Although the lunar surface is
much more complex than the
better controlled laboratory
samples, the test provides
important constraints on the model
ability.

Figure 1. Validation of spectral unmixing model
used in this study. The LSCC lunar soil samples
were used to test the model, and the mineral
abundances of the endmembers were derived and
compared with known abundance so that the
uncertainties of the model were estimated.

Figure 2. (Left) CMOS images of lunar rocks
and soil on lunar day 3. (Right) The calibrated
VNIR spectra from Chang’E-4 Yutu-2 rover.
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Results and Discussion: The representative
spectra collected by Yutu-2 rover on lunar day 3 are
shown in Figure 2. The spectra over lunar rocks and
lunar soil are distinct, for example, lunar rock spectra
show deeper absorption bands around 1 and 2 μm,
indicating less space weathering effects than the soil.
The example of derived mineral abundances along
rover’s traverse during the first 3 lunar days are shown
in Figure 3. We have analyzed the spectra of the first 9
lunar day and our results show that the lunar soils
contains about 10% olivine (OLV), 60% plagioclase
(PLAG), and 30% pyroxene (PYX). The mineral
abundances for lunar rocks show no big differences
from that of lunar soil. Although Von Kármán crater
mostly are filled with mare basalt, but our results
indicate that the lunar soil and rocks have strong
mixing effects due to the impact ejecta from the
surrounding craters such as Finsen crater, and there is
little contribution from the beneath mare basalt. More
analysis of the mixing processes will be discussed at
the meeting.

Conclusions: Using the VNIR in situ data from
China’s CE-4 mission, we derived mineral abundance
along rover’s traverse. Our analysis indicate that the

plagiolcase are the major component in lunar soil and
rocks in the area. There are strong mixing effects due
to the impact ejecta from surrounding craters, and no
evidence of much excavated mare basalt has been
found. The mineralogical information at Von Kármán
crater in SPA returned by China’s CE-4 mission
provide important clues on the geological evolution of
the region.
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Figure 3. Example of the derived mineral abundances for the first 3
lunar days.
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