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(Zhang %5, 2015), JFHRIH/NE AR BEAT T OIS
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Fig. 1 The landing site of CE-3 and location of spectra
measurements.(Zhang, et al., 2015)
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Fig. 2 The measured spectrum of Yutu rover at Node E
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Fig. 3 The data for testing the method in this study
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RHA, BT R Bl B 1 6T AR W ik v T
(LifILi, 2011; Shuai %, 2013), XUH Y%
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Fig. 4 Spectra of pure endmembers
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Table 1 Pure minerals used in this study

R FEAR S RifE/um iR N
R LS-CMP-009 0—250 1.73
BT LS-CMP-012 0—250 1.77

LGt LR-CMP-014 0—45 1.83
A LS-CMP-086 0—20 1.56
JERBEE LU-CMP-007-1 100—1000 1.49
Rk MR-MSR-006 0—20 2.13
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Fig. 5 Flowchart of retrieving mineral abundance and particle
size distribution
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Fig. 7 Particle size distribution montorillonite sample
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Fig. 8 Abundances and particle size distributions of bronzite and olivine in the mixtures which the fractions are known

R2 TRETYFEERERE

Table 2 The accuracy of minerals abundances retrieval

Rl FEA HAERE % REEE%  R=E%
XT-CMP-31 50.92 57.56 6.64
i
XT-CMP-32 25.70 22.01 3.69
. XT-CMP-31 49.08 42.44 6.64
A
XT-CMP-32 74.30 77.99 3.69
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F L (E9), I R T BE A AR 4 A
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FETEAA TR 25 -2 F B 23 5 28.1% . 4.5%
39%. 28%. 0.4%. NS WRIRaAE, X
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Fig. 9 Comparison between measured and modeled single-scattering albedo

R3 FRSUNSTUEERRER

Table 3 the results of minerals abundance of Yutu measure-

ments /%
P5 P6 P7 P8
¥ 20 33.9 31.8 26.7
M 7.1 2.0 2.7 6.3
A 48.6 34.2 27.8 454
Lais 243 29.9 36.2 21.5
Rk 0 0 1.5 0

AR GE 5 HABAH W58 (Zhang 45, 2015;
Ling %%, 2015)/%f LA (F4), TEFEEHE AR
(25, EEFER . ()ARHF50E ahatEs 1E N
TG0, POMFE H BRI BB 55 10 & A
%t# %, LSCC(Lunar Soil Characterization
Consortium) H ¥#FE & B9 B AT s S v, s il
R 52.8447.79 %, Fie i MT 34 70.27%(Pieters
4, 2000), (2) AWM E R FFARE, Zhang

ZE(2015) 16T W) S iR B J R 58 iE 828 G
s, U —E R Lafb T R R 2 ik
BRI, A T A L BRAREA L BT
WA SORHC AT AR & &5 Ling5#(2015) X F-AEAL
EAAMGM I LT T FE | . QYA
B R R MBAERS T A AR R, FIR BT
Kz KA sEA

x4 SHEXHRERILE

Table 4 Comparison with related study 1%

P6-Cl P6-C2 P6  P8Cl P8C2 P8
WA 635 49 33.9 53 31 26.7
MMiA 15+ 10 2.0 23 30 6.3
A 1726 33 342 19 32 45.4
PGTE 3 — — 29.9 — — 21.5

BBk — 7 0 — 6 0

:: P6-C1HIP8-C145 9% % Zhang:(2015),
2% Ling45(2015), FREEAMIRLL(vol%).

P6-C2HIP8-C245
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Fig. 10 The particle size distributions of minerals in sites Yutu rover measured
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Abstract: A fundamental subject in planetary exploration and sciences is the determination of mineral abundance and size distribution from
visible/near-infrared spectra. Such knowledge can help better understand what geologic processes have been active on the lunar and planet-
ary surface. The imaging spectrometer carried by the Yutu rover of the Chang’E-3 mission measured the reflectance spectra of lunar soil at a
height of approximately 1 m, providing a new insight for understanding lunar surface. A new method was proposed to retrieve mineral
abundance and particle size distribution and apply the results to Yutu rover in situ measurement.

A methodology combining Hapke radiative transfer model and sparse unmixing algorithm was proposed in this study to retrieve miner-
al abundance and particle size distribution. The imaginary part of the refractive index of each endmember was first calculated by solving the
Hapke model. The single-scattering albedos of each endmember with different particle sizes were obtained based on the Hapke slab model,
and then the endmember library was constructed. Finally, the single-scattering albedo of the mineral mixture, which was computed using
Hapke bidirectional equation, was unmixed using sparse unmixing algorithm with the aid of the endmember library.

Laboratory measurements collected from the Reflectance Experiment Laboratory were used to validate the methodology. Results
showed that the methodology has good performance in retrieving the abundance and particle size from mineral mixtures. Finally, the meth-
odology was applied to Yutu rover measurement. The values of average abundance of pyroxene, olivine, plagioclase, agglutinit, and ilmen-
ite at four observation points were 28.1%, 4.5%, 39%, 28%, and 0.4%, respectively. The average particle sizes of pyroxene, olivine, plagio-
clase, and fused glass were 166.02, 8.34, 196.31, and 44.21 um, respectively, possibly indicating the different response of each component to
space weathering in this site.
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