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Abstract The second phase of the Chang’E Program (also named Ch&)g'&s the
goal to land and perform in-situ detection on the lunar siefah VIS/NIR imaging
spectrometer (VNIS) will be carried on the Chang’E-3 lurarar to detect the distri-
bution of lunar minerals and resources. VNIS is the first mis@ history to perform
in-situ spectral measurement on the surface of the Moomgffextance data of which
are fundamental for interpretation of lunar compositiohpge quality would greatly
affect the accuracy of lunar element and mineral deternoinat/ntil now, in-situ de-
tection by imaging spectrometers was only performed bynowa Mars. We firstly
review reflectance conversion methods for rovers on Maldifyilanders, Pathfinder
and Mars Exploration rovers, etc). Secondly, we discussthvdneghese conversion
methods used on Mars can be applied to lunar in-situ detedfie also applied data
from a laboratory bidirectional reflectance distributiemétion (BRDF) using simu-
lated lunar soil to test the availability of this method. &g, we modify reflectance
conversion methods used on Mars by considering differebe&geen environments
on the Moon and Mars and apply the methods to experimentalatdtined from the
ground validation of VNIS. These results were obtained byiparing reflectance data
from the VNIS measured in the laboratory with those from adtad spectrometer
obtained at the same time and under the same observing ioorsdiThe shape and
amplitude of the spectrum fits well, and the spectral unaegtgparameters for most
samples are within 8%, except for the ilmenite sample whiah & low albedo. In
conclusion, our reflectance conversion method is suitaisleihar in-situ detection.

Key words: instrumentation: detectors — lunar in-situ detection: 8N+ re-
flectance conversion: BRDF
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1 INTRODUCTION

With the successful launch of the Chang’E-2 satellite on(®20Ottober 1, the second phase of the
Chang’E (CE) program had begun. In 2013, CE-3 will land onltin@r surface and deliver a rover
to perform in-situ detection. One of the important scieatgoals of the CE-3 program is to de-
velop in-situ detection for lunar mineral resources and position. To reach this target, a VIS/NIR
Imaging Spectrometer (VNIS) based on the Acousto-Opticablm Filter (AOTF) technique has
been selected as one payload of the CE-3 lunar rover (He 204al). AOTF based imaging and
non-imaging spectrometers have been widely used in desgegxploration (Trivedi et al. 2006),
e.g. an Acousto-Optic Imaging Spectrometer (AIMS) wastlasla candidate for Mars land rovers
(Glenar et al. 2003). The main VNIS parameters are shownliteTh The spectral range for VNIS
is from 0.45um to 2.4um. Lunar minerals can be effectively recognized in this spécoverage.
Lunar reflectance spectral data derived by VNIS represenkdly to interpreting lunar composi-
tion, the conversion accuracy of which will greatly affdog accuracy of lunar element and mineral
determination.

Table 1 Parameters of CE-3’s VNIS Instrument

Spectral Range 4502400 nm

Spectral Resolution <8 nm@456-950 nm, <12 nm@906-2400 nm
Bands 100@450950 nm, 300@9002400 nm
Corresponding RF Frequency 4Q80 MHz

Field of view >6°x6°(VIS), >3°x3°(NIR)

Wavelength Selection Continuously tunable

Image signal-to-noise ratio  >30

CE-3 would be the first program in history to carry an imagipgarometer to the Moon for in-
situ detection. For a long time, Earth based telescopesamkborne spectrometers have been the
main methods for detection of lunar materials. Althoughuhmanned Luna missions and manned
Apollo missions completed in-situ detection on the lunafaste, they did not carry imaging spec-
trometers (Ouyang 2005). Earth based telescopes and spaeedpectrometers usually select the
Apollo 16 landing site, the Cayley Plains, as a calibratangét, and take the laboratory spectrum of
lunar sample 62231 after using the spectrometer resporsstasdard to calibrate the reflectance
of other areas (Pieters 1999; Pieters et al. 2009). The G&#& will land on Sinus Iridum, the
detection area of which will not include the Cayley PlainsaarSo, we cannot use reflectance con-
version methods from telescopes on Earth or spaceborng@peters in VNIS data. This mode of
detection needs new reflectance conversion methods.

In-situ detection by imaging spectrometers has been widséd (Guinness et al. 1987; Reid
et al. 1999; Bell et al. 2003) for rovers on Mars (Viking land@athfinder, Spirit and Opportunity),
and we could learn from the experience of those missionsVikieg lander’'s multi-spectral camera
calculated radiance factor (I/F), which is one kind of kédiional reflectance (Hapke 1993). I/F data
are also widely used by the Hubble Space Telescope and spaecimaging spectrometers (Bell
et al. 1999; Bell 2008). The imager for Mars Pathfinder (IMBcalated reflectance factor R* (or
reflectance coefficient) for the first time (Reid et al. 198))irit and Opportunity were launched in
2003 (Bell et al. 2003). The Pancam cameras aboard thesetgosrcalculated reflectance data of
both I/F and R*; Pancam also considered the effect of Marst dnd built a bidirectional reflectance
distribution function (BRDF) model for the rover’s caliltian target (Bell et al. 2006).

The Martian environment is very different from that of the &fo The operation of the CE-3
lunar rover will also be divergent from those of Mars rovarkus it is worth discussing whether
the reflectance conversion methods used on Mars are suitatthlmar in-situ detection. Based on a
survey of Mars employing reflectance conversion methodsawedyze simulated lunar soil BRDF
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data from a laboratory to evaluate the suitability of thipryach. Furthermore, we establish methods
for performing the reflectance conversion of VNIS and vakdss feasibility by results from ground
based experiments.

2 REFLECTANCE CONVERSION METHODS USED ON MARS

There are two methods that have been used to derive reflediams landing rovers on Mars. One
is to approximate I/F using radiance data. The other waydetive R* by observing the calibration
target. Detailed procedures of each method are as follows.

2.1 Deriving I/F

I/F, which is also called the radiance factor (Hapke 1993theé ratio of the radiance observed from
a surface to that of a perfectly white Lambertian surfacariihated by the same light, but at normal
incidence.l is the radiance data observed from the scenezdnds the incident solar irradiance
from above the Martian surface. The method for deriving ¢Rfie multispectral camera aboard the
Viking lander (Guinness et al. 1987) is

[V] - V.vj,shadow]
exp[—¢/po] Kj [ Io(N)S;(N)d\’

wherej represents the jth channgl, is I/F, andV/; is the sensor’s voltage received from the jth chan-
nel, which includes the contribution from all incident ligh'; shaq0w refers to the voltage received
from all the scattered light,is the atmospheric optical depthy,() is the solar spectral irradiance,
tto the cosine of the incidence angle relative to the zediththe preflight calibration constant of the
jth channel, and; (\) is the spectral responsivity of the jth channel. This metiendoved the effect

of atmospheric and scattered sky light, deriving an ungegtaf less than 10%. The method used
for Pancam in deriving I/F (Bell et al. 2006) is as followseuke radiance spectrum at the top of the
Earth’s atmosphere, which is scaled to values on Mars’ sarés observed through each Pancam
filter with incident radiance scale factors, divided by tlem&am radiance data. This method is only
approximate, because it does not consider the effect of Maresphere.

pj = (1)

2.2 Deriving Reflectance Factor (R*)
IMP (Reid et al. 1999) calculated R* in the following way

I)\,sample (Za €, g)

- Ry sa(i, e, g). 2
I)\,Std(lvevg) » td( g) ( )

Rk,sample(ia €, g) =
I sample (i, €, g) is the sample’s radiance data at a fixed geometry for lightlerd anglei, emer-
gence angle and phase angle I, «a(i, €, ¢) is the calibration target’s radiance at the same geom-
etry, andR ) «q (1, €, ¢) is the calibration target’s reflectance coefficient.

Itis straightforward to directly compare reflectance fackata with laboratory spectra and spec-
tra taken at different times of a day (Bell et al. 2006). Ibatgs the advantage of being partially
“atmospherically corrected.” This method needs a calibnaairget with the property of being nearly
a Lambertian surface, but the calibration target of IMP isanperfect Lambertian surface; it has a
strong opposition surge and specular reflection (Reid et99). This phenomenon also exists in
the Pancam calibration target (Bell et al. 2003). To rembiedffect, Bell et al. (2003) developed
a model based on the BRDF measurements of the laboratorafatadibration target. This model
combined the backscattering equation (Hapke 1986) withHirdorrence model (He et al. 1991)
and returned R* data. A model has also been developed foethesin calibration target to eliminate
the effect of dust with different thicknesses on reflectasaraversion (Bell et al. 2006).
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2.3 Relationship Among Different Reflectance Data

We have referenced two sets of reflectance data: I/F and RerRly, the Moon Mineralogy Mapper
(M3) on Chandrayaan-1 derived a new type of reflectance ddiedcapparent reflectance (Green
et al. 2011). It is worth discussing the relationships anthiege types of reflectance data. Although
apparent reflectance is not referenced in Hapke’s theorgobyparing results (Bell et al. 2006;
Green et al. 2011), we found that apparent reflectance andd&rktha same expression. Radiance
factor differs from the other two reflectances by the cosiie solar incidence angle, which is a
constant that does not change the shape of the spectra.

3 SUITABILITY ANALYSIS OF USING MARS REFLECTANCE METHODS FO R
LUNAR IN-SITU DETECTION

I/F and R* calibrated images are both constrained by thevielig assumptions (Bell et al. 2006):
(1) All illumination comes directly from a point source attlSun. (2) The scene being imaged is
perfectly flat. (3) The scene elements being imaged are Letiabe

The lunar environment is quite different from Mars in ternigle atmosphere, temperature
changes, surface composition etc. It is important to dseusether Mars’ reflectance conversion
methods are suitable for lunar in-situ detection.

3.1 Suitability Analysis

We will analyze whether lunar in-situ detection by CE-3 &t the three assumptions as follows:

Firstly, the lunar environment has almost no atmospheeditident light to one point O on the
lunar surface all comes from the Sun'’s surface. We couldutztie the field anglé\d from point O
to the Sun’s surface

A9%§z32’7 (3)

whereD is the solar diameter (1.392.0° m), andd (1.496x10'! m) is the distance between point
O and the Sun’s surfacAd is so small that we can consider all lunar surface illumoratis coming
from a point source in the direction of the Sun.

Secondly, the CE-3 rover will land on a smooth surface in #ggan of Sinus Iridum, which
is an impact basin filled with basalt, and it is half-surroeddby Montes Jura. VNIS will be set at
the front of the land rover; it has a height of 0.65 meters, thedield of view is 6. The detection
angle of VNIS is fixed at 45 We can calculate the area of the scene being imaged as 0.13n?,
which is so small that we could consider it to be flat.

Finally, the scene being imaged should be Lambertian aguwptd the assumption. It is a good
assumption for the surface of Mars when we do not necesdardy the surface BRDF (Hapke
1986; Hapke 1981, 1984). As is well known, the lunar surfaceat a Lambertian surface (Hapke
1986), but is a surface with specular reflection, multipkttsring, opposition effect, etc. To remove
these effects, photometric normalization must be done edfkectance conversion (McEwen 1996).
The goal of photometric normalization is to normalize rdf@ce data of different incident and
emergence angles to the same viewing geometry.

During the process of photometric normalization, we shdiutd select a suitable photometric
function. Researchers have developed many photometrielsitwidescribe the lunar surface’s pho-
tometric characteristics, i.e. the Lommel-Seelinger eivgi model and Hapke model, based on the
radiative transfer equation (Hillier et al. 1999). Howevbese models were mainly developed rely-
ing on data from telescopes and satellites. So, it is wogbudising whether could we consider the
lunar surface to be Lambertian when the imaging area is smadllso close. We can use simulated
lunar soil's BRDF data to aid this discussion.
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Fig.1 BRDF device and measurement principle. lllumination iecidangle could be changed by
the movement of the light source; viewing detector’s dédecangle and azimuth angle could be
changed by the movement of detector and the guide rail.

3.2 Data Analysis of BRDF for Simulated Lunar Soll

We simulated the detection model for VNIS in the laboratang aresent the results of this lunar
simulated soil (Chang’E program simulated lunar soil prapan report, 2007) as being representa-
tive of the natural conditions in real lunar soil. We can thnalyze its BRDF characteristics.

Figure 1 demonstrates the BRDF devices and method used surament. Yang et al. (2009)
explains the methods of how to measure the sample’s BRDReeTkinds of simulated lunar soil
were prepared by the National Observatories, Chinese AwpdéSciences: Lunar Low-Ca basaltic
(LLB) sail, Lunar High-Ca basaltic (LHB) soil and Lunar higimd plagioclase (LP) soil. The lab-
oratory BRDF of the LLB was measured at Anhui Institute of i©pand Fine Mechanics, Chinese
Academy of Sciences, because the CE-3 rover will land onsSiidum, the composition of which
is mostly low-Ca basaltic soil.

The LLB’s BRDF (Fig. 2) was measured by changing the incigargle of the light, detector’s
angle and detector’'s azimuth angle (the angle between teetim plane, which includes the sen-
sor and sample platform’s normal, and the light plane, wimictudes the light source and sample
platform’s normal). Light incident angles were selecte@&%at1l5° and 30. Values for the azimuth
angle were 25 55°, 85°, 115, 145> and 175, and values for the detection angle of the sensor were
10, 20°, 30, 40°, 5¢°, 60° and 70. The calibration target was calibrated by the Anhui Ingtitu
of Optics and Fine Mechanics. The source of measuremensasrmainly error in the calibration
target’s 0/45° reflectance coefficient conversion, and changes in theianad uniformity caused
by lighting and detection geometry. The measurement uaiogytis between 2.4%-3.6%.

Figure 2(a) shows that the opposite effect exists in siredlatnar soil when the incidence angle
is 5°, and emergence angle equalsWhere the BRDF values are higher than those for other angles
From Figure 2(b) and (c) we can see when emergence anglegakoe close to the incident angles,
the BRDF values become higher. This is especially obviousnithe azimuth angle equals £75
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Fig.2 Simulated Lunar Low-Ca Basaltic (LLB) soil BRDF data: ajufiination incident angle
equals 8; b) lllumination incident angle equals 15c) lllumination incident angle equals 30

This phenomenon is caused by the specular reflection effeese results demonstrate that the lunar
surface can still not be considered to be a Lambertian stivfdden performing in-situ detection. So,
the third assumption may be not suitable for the lunar serfActually, Mars’ surface is also not
Lambertian; specular and opposition effects exist basedhtenfrom the Viking landers, Pathfinder
and the MER multi-spectral camera (Regner et al. 1988; dwhasal. 1999; Johnson et al. 2006).
From the BRDF data of IMP and Pancam, the calibration targenat be considered as an ideal
Lambertian surface either, which also has a “hotspot” cdibgespecular and opposition effects.

In conclusion, the first and second assumptions are reasoftatdunar in-situ detection, but
the third assumption is not. As we have discussed, photam&irmalization must be done after
reflectance conversion to remove the effect of differeniving geometry. To do photometric nor-
malization well, we should also implement a photometricadatquisition strategy like IMP and
Pancam (Johnson et al. 1999; Johnson & Team 2004). For pregitvill not discuss photometric
normalization in this paper.

4 REFLECTANCE CONVERSION METHOD AND VALIDATION OF VNIS

In this section, we transformed Mars reflectance conversiethods to be applicable for obser-
vations on the lunar surface based on the suitability arsaly® validate the effectiveness of our
methods, data from the ground validation experiment of Vai&used.

4.1 Ground Validation Experiment for VNIS

Before the CE-3 imaging spectrometer (VNIS) is brought ® Itmar surface, many ground vali-
dation experiments should be performed. There are two mgectives for ground validation ex-
periments; one is to evaluate the quality of its image andtsp, and the other is to exercise its
data processing methods. Reflectance data from the VNISwaidated by comparison with a stan-
dard spectrometer (ASD). The ASD instrument we used hereld Bpec 3, the performance and
specification of which can be referenced from the websitip:(/www.asdi.com). The instrument’s
operation and geometry are different from those of the Markirapectral cameras. There is a dust
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cover aboard VNIS that prevents lunar dust from falling andhlibration target; this dust cover will
be opened when the spectrometer is operating and it willdmed when the spectrometer is not op-
erating. To avoid a high working temperature for the roves,geometry of VNIS will be restricted
to a solar elevation angle from 1% 33. Thus the light incident angle will change fromso 75°.
The emergence angle will be fixed at°45

During the process of ground validation experiments, ASD ¥NIS were fixed on the rover,
which simulated the detection conditions on the lunar swrfa

Figure 3 shows devices used in the validation experimenttla@aneasurement process. The
light sources usually used in the laboratory are xenon atafjba lamps; irradiance among sun-
light, xenon and halogen lamps are compared in Figure 4.Adidaént angles of light sources were
set from 48 to 8, with a sampling interval of 5The detection angles were fixed at’4&nd the
azimuth angle changed from 3@ 187, with a sampling interval of 30 These two spectrometers
firstly measured the calibration target’'s spectrum at ttneesame and with the same viewing ge-
ometry. After the calibration target was detected, we ckdrbe target to the experiment samples.
The raw data calibration process for VNIS and ASD includedk darrent subtraction and radiance
calibration.

Figure 5 shows the pipeline for reflectance conversion atidatéon for the VNIS.

To simulate the lunar surface’s composition and partidessifive kinds of earth minerals were
selected as experimental samples; they are hyperthengsidié olivine, feldspar and ilmenite.
These minerals are characterized by obvious spectralrésgtwhich can be easily identified by
VNIS and ASD. The mineral samples were ground with a grinddoie the experiment, and the
median particle size of the samples was controlled to be 3@«in. Major element microprobe
analysis of hyperthene, diopside, olivine and feldspariisrgin Table 2. In addition, 99% of il-
menite was composed of TiOWe also made seven mixture samples to simulate lunar soiliky
ing and stirring four minerals of hyperthene, olivine, fgdr and ilmenite in the proportions shown
in Table 3. The aim of the mixture samples was to utilize sorimenals reduction models by linking
mineral composition to reflectance absorption features.

4.2 Conversion and Validation of I/F for VNIS

Firstly, we calculate the solar irradiance at the lunarazgfthrough every AOTF imaging spectrom-
eter’s band pass, and then set up a look-up table. Dividegttrument’s radiance data, which have
been calibrated by results in the look-up table, we get Ifa @aa fast and simple way

ml;
Rj= [ Io(A\)S(N)aX’ @
whereR; is I/F in the jth band/; is the radiance data for thgh band image/,(\) is the solar
irradiance on the lunar surface, afif\) is spectral responsivity for the imaging spectrometer of an
image in thejth band.

Figure 6 demonstrates a comparison of the results betweeples of the I/F spectrum taken
with ASD and VNIS. We found that the shape and value of reflesgt@lata from the VNIS are similar
and close to those from standard ASD reflectance data, bubteetimat at some wavelengths, the
VNIS reflectance spectrum is not as smooth as the one from ASfgcially in the spectral range
450-950 nm. There are two probable reasons for this. Oneisthie intensity of the laboratory
light sources is too weak; although the intensity of xenomigh stronger than the halogen lamp
in the spectral range 450—950 nm, it is still weak and unstabimpared to light from the Sun. The
integration time for bands taken with VNIS was set for themsity of sunlight. When the light
source changed from sunlight to xenon, the signal detegt&\bS was weak, which decreased the
signal to noise ratio (SNR) of VNIS. The other reason is ttertdard reflectance data from the ASD
are averaged from ten repeated measurements, but reflectatecfrom VNIS are not averaged. We
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Fig. 3 VNIS ground science validation experiment devices and oreasent principle. The valida-
tion experiment simulates the conditions of the CE-3 lusaer's work mode on the lunar surface.
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Fig. 4 Iradiance comparison between sunlight and laboratoryréxpeeat light sources, during the
ground validation experiment for VNIS in the laboratory. émon light source was used in VIS-NIR
bands (450-950 nm) and a halogen light source was selecteflared bands (900—2400 nm).

also noted jitter in the spectrum from ASD near 1000 nm and)22800 nm. This phenomenon
exists in most ASD spectrometers. There is a junction betweetwo ASD detectors at the spectral
position of 1000 nm, which caused the jitter at this posithart the jitter in the range 2000-2400 nm
is mainly caused by the detector’s low spectral response.

Spectral uncertainty is an assessment parameter whicl talulis quantitatively the deviation
of VNIS reflectance from ASD data. We calculate spectral taggy parameters between VNIS
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Fig.5 Reflectance conversion and validation pipeline for VNIS.

0.40 0.40
0.35 - a) 0.35 |-
0.30 - 0.30
0.25 0.25 |
£ o2}l £ o2}l
Olivine_VNIS Olivine_ASD
015 Diopside_VNIS 015 Diopside_ASD
010 L Feldspar_VNIS 010k Feldspar_ASD
— Hypersthene_VNIS — Hypersthene_ASD
0.05 | limenite_VNIS 0.05 L —lImenite_ASD
0.00 N 1 L 1 n 1 L 1 0.00 s 1 L 1 L 1 L 1
500 1000 1500 2000 2500 500 1000 1500 2000 2500
Wavelength(nm) Wavelength(nm)
0.24 0.24
—— Mixture1_VNIS —— Mixture1_ASD
—— Mixture2_VNIS —— Mixture2_ASD
—— Mixture3_VNIS C) —M:xt::zii:ASD d)
—— Mixtured_VNIS —— Mixtured_ASD
0.20 H __ ixures VNI 0.20 - —M:x\::s:ASD
—— Mixture6_VNIS —— Mixture6_ASD
—— Mixture7_VNIS —— Mixture7 ASD
0.16 - 0.16 |-
£ &
0.12 012
T WWWM 008
0.04 L 1 L 1 L 1 L 1 0.04 f L 1 L 1 L 1 L 1
500 1000 1500 2000 2500 500 1000 1500 2000 2500
Wavelength(nm) Wavelength(nm)
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a) VNIS' I/F of five minerals, b) ASD’s I/F of five minerals. c)NIS’ I/F of seven mixtures, d)
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Table 2 Element Analyses of Hyperthene, Diopside, Olivine and $jeda

Oxide Hyperthene Diopside Olivine Feldspar
SiO2 53.64 55.72 41.89 56.14
TiO2 0.12 0.08 0.02 0.03
Al203 3.72 0.16 0.02 27.62
Cry03 0.23 0.53 0.01 0.01
FeO 17.31 1.24 8.62 0.08
NiO 0.04 0.02 0.38 0.01
MnO 0.29 0.06 0.13 0.01
MgO 24.73 17.23 49.18 0.02
CaO 0.49 24.45 0.06 10.44
NaxO 0.02 0.37 0.02 5.13
K20 0.01 0.01 0.01 0.37
Total 100.60 99.87 100.31 99.87

Table 3 Proportion of Seven Mixtures

Sample Name  Hyperthene (wt%)  Olivine (wt%) Feldspar (wt%)imehite (wt%)

Mixturel 10 20 30 40
Mixture2 40 30 20 10
Mixture3 20 40 10 30
Mixture4 30 10 40 20
Mixture5 45 0 50 5

Mixture6 60 5 35 0

Mixture? 0 15 70 15

and ASD reflectance data, and the calculation function ig/atio Equation (5)

N
Svnis,i —SAsD.i
5 ; e 100% 5
s = N X 0, ( )
whereds is the spectral uncertainty paramet&is ; is theith band reflectance data of VNIS,
andSasp,; is theith band reflectance data of ASD. Table 4 demonstrates alkiing@les’ spectral
uncertainty results. The spectral uncertainty of most $asnig less than 8%, except for ilmenite.
Because the color of ilmenite is black, its albedo is very, lanich makes the signal weak, and
brings down the SNR of VNIS, so the spectral uncertaintyroihite is higher than other samples.

4.3 R* Conversion

The reflectance factor could be calculated because therecditaration target on VNIS. Like
Pancam, when VNIS worked in calibration mode, the deteatinact changed from the lunar surface
to the calibration target. The reflectance products of théispectral cameras aboard Clementine,
CE-1 and Chandrayaan-1 are also the reflectance factoe(®PE999; Pieters et al. 2009), so it is
convenient to compare these reflectance data.

VNIS'’s work mode and geometry are different from the Marstispectral cameras, with con-
siderations for the dust cover and solar elevation angleotedrearlier. Hence, a different BRDF
model should be set up to act as a calibration target.

The proposed procedures for conversion of the spectroimeddiectance factor are as follows:

(1) Measure and calculate reflectance factor data., (i, e, g) for the calibration target using the

working geometries of VNIS in ground laboratory experinganith the methods of Yang et al.
(2009);
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Table 4 Spectral Uncertainty In I/F From the Laboratory Results

Samples 450950 nm §5) 900~2400 nm §5)
Hyperthene 4.23 2.17
Diopside 1.62 2.10
Olivine 5.44 2.86
Feldspar 2.98 2.36
limenite 12.99 14.13
Mixturel 5.51 6.88
Mixture2 3.37 4.52
Mixture3 3.82 4.53
Mixture4 5.28 2.26
Mixture5 7.87 4.50
Mixture6 5.67 2.31
Mixture? 6.04 3.21
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Fig. 7 A comparison of the spectrum for the experimental sampédlectance factor between VNIS
and ASD; the geometry is as follows: incident angle: 60°, emergence angle = 45°, azimuth
anglea = 180°. a) VNIS value of R* for five minerals, b) ASD value of R* for fivainerals, c)
VNIS value of R* for seven mixtures, d) ASD value of R* for semaixtures.

(2) Resample the calibration target’s laboratory spectRym.i (4, e, g) into every band of a stan-
dard spectrunR «a(i, e, g) for the instrument;

(3) Calculate R* R sampie(i, €, ¢)) for the imaging area by Equation (2), which needs radiance
data andR sq (7, €, g).
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Table 5 Laboratory Samples’ R* Spectral Uncertainty Results

Samples 450950 nm §5) 900~2400 nm §5)
Hyperthene 4.23 4.62
Diopside 3.64 1.65
Olivine 3.42 5.81
Feldspar 1.07 4.51
limenite 10.67 14.50
Mixturel 3.84 5.21
Mixture2 3.21 2.63
Mixture3 4.41 2.22
Mixture4 5.28 5.27
Mixture5 4.79 1.44
Mixture6 4.79 4.19
Mixture? 3.97 2.40

Figure 7 shows a comparison of the results for the reflectéanter of the samples between
ASD and VNIS. The shape and values of spectra taken by VNISianiéar and close to those taken
by ASD in most wavelengths. Spectral jitter also exists imedoands, the reasons for which are the
same as in I/F.

Table 5 demonstrates the spectral uncertainty parametkengated from VNIS and ASD’s R*
spectrum; most samples’ spectral uncertainty parametemsithin 6%, but ilmenite is an exception
due to its low albedo values.

5 CONCLUSIONS

Based on the experience gained from reflectance converstiroals developed for in-situ detection
on Mars, we firstly analyze the suitability of the methods lfamar in-situ detection. According
to data of simulated lunar soil taken by BRDF in a laboratdris not suitable to assume lunar
detection is Lambertian because of opposition and speetitsts, but we could apply photometric
normalization to remove these effects by observing photomeata after reflectance conversion.
By considering differences between the surfaces of the MowhMars, we improved and set up
reflectance conversion methods for the CE-3 imaging speetrer. Through ground experimental
data describing the imaging spectrometer on CE-3, we \elitéhe effectiveness of the methods.
The shape and values of reflectance data from VNIS are sianildrclose to those of ASD’s; the
spectral uncertainty parameters of most samples are wa#tinexcepted for ilmenite, because of
its low albedo, which makes the signal received by VNIS an®A&o weak. The validation shows
that our reflectance conversion methods are suitable andecared in the CE-3 VIS/NIR imaging
spectrometer. During the following ground and in-flightiloedtion experiments, we will continue to
improve and validate our methods to produce better refleetdata.
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