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ABSTRACT:

The research project “Moon Mapping’ has been established in 2014 between the Italian and Chinese Governments to promote
cooperation and exchange between undergraduate students from both countries. The operational phase of the project started in early
2015, and will end in 2017, for a total length of three years. The main aim is to train new scholars to be able to work on different
kinds of remotely-sensed data collected over the Moon surface by the Chinese space missions Chang’E-1/2. The project coordination
has been assigned to the Italian Space Agency for the Italian side and to the Center of Space Exploration, China Ministry of
Education, for the Chinese side. Several Chinese universities and Italian national research institutes and universities have been
officially involved in this project. Six main research topics have been identified: (1) map of the solar wind ion; (2) geomorphological
map of the Moon; (3) data preprocessing of Chang’E-1 mission; (4) map of element distribution; (5) establishment of 3D digital
visualization system; and (6) compilation and publication of a tutorial on joint lunar mapping.
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1. GENESIS OF THE PROJECT

On the basis of the great experience that Italy and China have
achieved in space exploration over the last decades, the
governments of both countries agreed to foster scientific and
technological cooperation in this field. In addition, both
countries would like to promote the exploitation of existing
large archives of data sets, in particular the ones collected
during the recent Chinese missions (Chang’E series) on the
Moon (see Sect. 3). In this context, the education and the
exchange of new generation scholars to be enrolled in space
exploration and planetary sciences are seen as a crucial
points in both countries.

According to these preliminary considerations, in 2012 the
*Joint Lunar Map Drawing Project by Chinese and Italian
College Students,” also know as ‘Moon Mapping Project’
(MMP), was organized. The definitive signature was held in
Rome on 23 January 2015 by the Italian Space Agency (ASI)
Science Data Center (ASDC) director Paolo Giommi and the
vice-president of the Chinese Center for Space Exploration
(COSE) Gengxin Xie. The focus of this project is improve
cooperation in space applications, to train new Italian and
Chinese university undergraduate students to work on
different kinds of remotely-sensed data collected over the
Moon surface by the Chinese space missions Chang’E-1/2,
to make easier student exchange between both countries, and
to create scientific opportunities.

The operational phase started on Jan 2015 and is expected to
complete at the end of 2017, for a total length of three-year
activities. The project coordination has been assigned to the
Italian Space Agency (ASI) for the Italian side and to COSE
for the Chinese side. Several universities and national-level
research institutes have been officially involved in the MMP
on both countries, as presented in Table 1.

Six main research topics have been focused, as it is
summarized in Table 2 (see Sect. 3). Each topic is
coordinated by two institutions, one per each country.
Students have been assigned to each topic to cooperate under

the guide of supervisors. A schedule of mutual visits and
workshops has been defined to help and promote exchanges
along the three years of the project. With the exception of the
first round meetings to set up the organization of the project
and to prepare a common research plan, students are involved
in project meetings so that they may consolidate the
cooperation among them, especially between students from
both countries. Further discussion on the student
involvement, which may be considered as a key-point of the
MMP, are given in next subsection 1.2.

The expected follow-up will consist on one side on the
preparation of a new generation of young scholars to
contribute to planetary science and space exploration. On the
other, the MMP is expected to output scientific publications,
a tutorial aimed at introducing people to work on planetary
data, and a 3D Atlas of the Moon to display the results of the
analysis obtained during the research activities.

Further information, documents and news can be found at the
website http://solarsystem.asdc.asi.it/change.

Project Topics Topic Coordinators
Italy China
1 | Map of the solar wind ASDC Tsingua
ion University
2 | Geomorphologicl map of Politecnico China Univ.
the Moon Milan Geosciences
3 | Data preprocessing of INAF-1APS East China
Chang’E 1 mission Normal Uni
4 | Map of element Univ. of Nanjing
distribution Cagliari University
5 | 3D visualization system ASDC China Univ.
Geosciences
6 | Tutorial and Atlas on Chongging University
joint lunar mapping University d’Annunzio

Table 2. — Topics of “Moon Mapping Project’ and institutions
leading research activities in Italy and China.

Institution Department Location, Country
Italian Space Agency (ASI) ASI Science Data Centre (ASDC) Rome, Italy
National Inst. of Astrophysics Astronomical Observatory of Rome (OAR) Rome, Italy
(INAF) Institute for Space Astrophysics and Planetology (IAPS)
Astronomical Observatory of Padua (OAPD) Padua, Italy
National Research Council (CNR) Research Inst. for Geo-Hydrological Protection (IRPI) Perugia, Italy
Politecnico di Milano Dept. of Aerospace Science and Technology Milan, Italy
(Technical University of Milan) Dept. Architecture, Built environment and Construction Engineering (ABC)
University of Cagliari Dept. of Chemical and Geological Sciences Cagliari, Italy
University d’Annunzio IRSPS — Dept. of Engineering and Geology Pescara, Italy
University of Padua Dept. of Geosciences Padua, Italy
University of Parma Dept. of Civil, Environmental, Land Management Engineering and Parma, Italy
Avrchitecture (DICATeA)
University of Pavia Dept. of Electrical, Computer and Biomedical Engineering Pavia, Italy
China Ministry of Education Center of Space Exploration (COSE), Chongging University Chongging, China
China University of Geosciences Dept. of Remote Sensing and Geo-Information Engineering, School of Land Beijing, China
Science and Technology
East China Normal University School of Geographic Sciences Shanghai, China
Nanjing University School of Geographic and Oceanographic Sciences Nanjing, China
Tsinghua University Dept. of Computer Science and Technology Beijing, China

Table 1. - Members of ‘Moon Mapping Project’ between Italy and China.

This contribution has been peer-reviewed.
doi:10.5194/isprsarchives-XLI-B6-71-2016

72


http://www.unipv.it/ele/

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLI-B6, 2016
XXII' ISPRS Congress, 12—19 July 2016, Prague, Czech Republic

1.2 Involvement of students

The core of ‘Moon Mapping’ project is represented by the
central role of undergraduate students who are expected carry
out the research activity under supervision of senior
researches from universities and other institutions.

Students are assigned to specific Topics and Sub-Topics of
the project. Since there is a parallel structure involving both
Italian and Chinese project members, also students have a
direct counterpart working on a related topic. This strict
cooperation would like to give the chance to compare
different approaches to the research work, and to improve the
capability to accomplish scientific investigations thanks to
the exchange of ideas.On the other hand, students have the
chance to work together with expert scholars in the field of
Moon exploration and planetary research, and can benefit
from the experience of the international network related to
the MMP.

Besides students who directly attend to the research activity,
some dissemination actions are planned during the last year
of the project. In particular, the organization of an
international summer school on the processing techniques
remote sensing data on the Moon is scheduled. This
important activity will spread out the knowledge achieved
during the MMP to a larger scenario of young scholars not
only limited to Italy and China, but with the chance to
involve students from other countries as well.

2. DATA SETS FROM CHANG’E 1/2 MISSIONS

The Chinese Lunar Exploration Program (CLEP), also
known as the Chang’E (the Chinese Moon goddess), is an
series of missions organized by the China National Space
Administration (CNSA). The program incorporates lunar
orbiters, landers, rovers and sample return spacecraft,
launched using Long March rockets.

The first spacecraft of CLEP/Chang’E program, the Chang’E
1 (CE-1 - see Subsect. 2.1) lunar orbiter, was launched on
2007. A second orbiter, Chang’E 2 (CE-2), was launched on
2010 (see Subsect. 2.2). Chang’E 3 (CE-3), which includes a
lander and a rover, was launched on 1 December 2013 and
successfully soft-landed on Mare Ibridum on 14 December
2013. The “Yutu’ rover travelled 114 m. CE-3 will be
followed by a sample return mission, Chang'e 5 scheduled
for 2017.

The ‘Moon Mapping’ project was initially focused to exploit
data from CE-1 mission, but subsequently the availability of
some data sets from CE-2 became possible. A part of the data
sets from CE-1/CE-2 missions can be downloaded from the
webpage http://moon.bao.ac.cn/ceweb/datasrv/dmscel .jsp.

2.1 Chang’E1l

On October 24, 2007, CE-1 was successfully launched from
the Xichang Satellite Launch Center. Up until 1%t July 2008,
CE-1 has accomplished lunar global data acquisition. CE-1
carries 8 instruments (CCD stereo camera, laser altimeter,
Gamma Spectrometers, X-Ray Spectrometers, ow-Energy

lon Detector, High-Energy Solar Particle Detector,
Microwave Detector, Interferometer Spectrometer Imager)
which have obtained about 1370G of data. These data have
been published online at present, available for international
planet researchers (see above).

CE-1 mission had four major goals:

1. Obtaining 3D reconstructions of the landforms and
geological structures of the lunar surface, so as to
provide a reference for planned future soft landings. The
orbit of CE-1 around the Moon was designed to provide
complete coverage, including areas near the north and
south poles not covered by previous missions;

2. Analysing and mapping the abundance and distribution
of various chemical elements on the lunar surface as
part of an evaluation of potentially useful resources on
the Moon. China hopes to extend the number of
elements studied to 14 (K, Th, U, O, Si, Mg, Al, Ca, Te,
Ti, Na, Mn, Cr, La) compared to the 10 elements (K, U,
Th, Fe, Ti, O, Si, Al, Mg, Ca) previously probed by
NASA's Lunar Prospector;

3. Probing the features of the lunar soil and assessing its
depth, as well as the amount of helium-3 (3He) present;
and

4. Probing the space environment between 40,000 km -
400,000 km from the Earth, recording data on the solar
wind and studying the impact of solar activity on the
Earth and the Moon.

In addition, the lunar probe engineering system, composed of
five major systems — the satellite system, the launch vehicle
system, the launch site system, the monitoring and control
system and the ground application system — accomplished
five goals:

e Researching, developing and launching China's first
lunar probe;

e Mastering the basic technology of placing satellites in
lunar orbit;

e Conducting China's first scientific exploration of the
Moon;

e Initially forming a lunar probe space engineering
system; and

e Accumulating experience for the successive phases of
China's lunar exploration program.

2.2 Chang’E 2

CE-2 is a Chinese unmanned lunar probe that was launched
on 1 October 2010. It was a follow-up to the CE-1 lunar
probe, which was launched in 2007. CE-2 was part of the first
phase of the Chinese Lunar Exploration Program, and
conducted research from a 100-kilometer-high lunar orbit in
preparation for the December 2013 soft landing by the CE-3
lander and rover. CE-2 was similar in design to CE-1,
although it featured some technical improvements, including
a more advanced onboard camera. After completing its
primary objective, the probe left lunar orbit for the Earth—
Sun L2 Lagrangian point, to test the Chinese tracking and

This contribution has been peer-reviewed.
doi:10.5194/isprsarchives-XLI-B6-71-2016 73


https://en.wikipedia.org/wiki/Exploration_of_the_Moon
https://en.wikipedia.org/wiki/China_National_Space_Administration
https://en.wikipedia.org/wiki/China_National_Space_Administration
https://en.wikipedia.org/wiki/Moon
https://en.wikipedia.org/wiki/Orbiter
https://en.wikipedia.org/wiki/Lander_(spacecraft)
https://en.wikipedia.org/wiki/Rover_(space_exploration)
https://en.wikipedia.org/wiki/Sample_return_mission
https://en.wikipedia.org/wiki/Long_March_(rocket_family)
https://en.wikipedia.org/wiki/Chang%27e_1
https://en.wikipedia.org/wiki/Chang%27e_1
https://en.wikipedia.org/wiki/Chang%27e_2
https://en.wikipedia.org/wiki/Chang%27e_3
https://en.wikipedia.org/wiki/Chang%27e_5

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLI-B6, 2016
XXII' ISPRS Congress, 12—19 July 2016, Prague, Czech Republic

control network, making the China National Space
Administration the third space agency after NASA and ESA
to have visited this point. It entered orbit around L2 on 25
August 2011, and began transmitting data from its new
position in September 2011. In April 2012, CE-2 departed L2
to begin an extended mission to the asteroid 4179 Toutatis,
which it successfully flew by in December 2012. This
success made China's CNSA the fourth space agency to
directly explore asteroids, after NASA, Europe's ESA and
Japan's JAXA. As of 2014, CE-2 has travelled over 100
million kilometres from Earth, and is conducting a long-term
mission to verify China's deep-space tracking and control
systems.

3. PLANNED RESEARCH ACTIVITIES

In this section the research content to be developed in each
project Topic is briefly outline. The purpose here is not to
draw a state-of-the-art on the use of CE-1/2 data for mapping
different characteristics on the Moon, but just to focus on the
activities that are strictly related to MMP. Some projects
members have already developed their own studies that are
not mentioned here, since they have been carried out
independently from MMP.

3.1 Topicl

The aim of Topic 1 is to produce a map of the solar wind ions
on the basis of CE-1 data. Based on the lunar probe data and
existing research results, the distribution of solar wind ion at
critical moments will be drawn, by which to provide an
interactive visualization approach for drawing low-energy
solar ion flow distribution at arbitrary time, giving a real-time
display of solar wind ion flow and its direction.

The workplan of this Topic is as follows. In a first stage, a
sample of data from CE-1 Solar Wind lon Detector are
delivered (664 files collected from 26 Nov 2007 to 31 Dec
2007). Data are organized in a database hosted on a server at
ASDC. File format are transformed to be ready to use. The
following two data post-processing/analysis steps have been
started:

1. Spacecraft velocity evaluation;
2. Sun Incidence angle evaluation.

Next steps in data post-processing will be:

1. Merging of SWIDA and SWIDB (time
synchronization);

2. Evaluation of solar wind parameters by SWIDA/B
data fit;

3. Production of Multidimensional solar wind maps;

4. Evaluation of Earth/Sun magnetic fields; and

5. Correction of the magnetic field effects.

3.2 Topic?2

This Topic is focused on the analysis of Moon
geomorphology and the production of geomorphological
maps representing different aspects. It is organized in three
Sub-topics.

a. Sub-topics 2.1: is devoted to the extraction of
geometrical features for characterization of the
impact structures and proximal ejecta, development
of crater morphology and degradation;

b. Sub-topic 2.2: focuses to the extraction and
characterization of landslides on the Moon surface, in
particular into the impact craters. Analysis of
landslide triggering process and impact-related
effects will be investigated as well; and

c. Sub-topic 2.3: has the aim of doing research and
characterization of lava-tubes below the Moon
surface and their relations with sinuous rilles.

Impact craters are one of the most important geological
processes in the understanding of the formation and
evolution of our Solar System. They have been observed on
planets and small bodies’ surfaces, and therefore they kept
the record of the cumulative effects of subsequent impacts,
volcanic emplacements, tectonics, and so on. The MMP team
has developed a valuable expertise on studying the impact
craters starting from the DTM generation using stereo images
and proceeding with the morphometric analysis. The
morphometric characterization of the craters allows
estimating the slope, the openness, the profile and plan
curvature, and calculating the different geometrical planes.
Furthermore the analysis of the impact process by means of
the so-called shock physics codes has been started. In
particular, the iSale hydrocode is adopted that relies on
elasto-plastic constitutive models, fragmentation models, a
number of EoS, multiple materials and a porosity compaction
model.

In line with the consolidated cooperation with China
University of Geosciences on geometrical feature extraction
from Moon images (Kang et al., 2015), the team at
University of Pavia is currently working on the extraction of
hints to craters and ridges using both 2D and 3D information
from the stereo cameras of CE-1 and CE-2. The research
work includes the definition of advanced techniques for the
extraction of circular and linear geometrical features and the
combination via feature level fusion of multiple hints for the
detection of objects of interest, according to the procedure
graphically described in Figure 3.

[ | [ o [ o
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Transtorm ].l DRATERS ‘

Figure 3. - Crater extraction procedure scheme developed by
University of Pavia.
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Results, although preliminary, show potential in the
approach, that will be further optimized to deal with large
images, with the aim to be useful for finer resolution data on
wide portions of the lunar surface.

A working group (Politecnico di Milano-ABC, CNR-IRPI,
University of Cagliari, INAF-OAR and INAF-OAPD) has
been established to study large rock slides inside impact
craters and to prepare a landslide inventory to be included in
the Atlas (see Subsect. 3.6). So far, image from WAC (Wide
Angle Camera) and DEM from LROC (NASA) at 100 m/px
have been used to visually recognize 60 landslides in impact
craters (Brunetti et al., 2015).

On the other hand, the need for a more objective automatic
method is required in order to make the recognition process
independent from the subjective interpretation and to carry
out an exhaustive search (see Guzzetti et al., 2012; Scaioni et
al. 2014). In Mahanti et al. (2014) the Chebyshev
polynomials have been applied to interpolate crater cross-
sectional profiles in order to obtain a parametric
characterization useful for classification into different
morphological shapes. Indeed, besides some important
mathematical properties (e.g., orthogonality) that distinguish
Chebyshev polynomials from other approximating functions,
the lower order coefficients are correlated to some
geomorphological characteristic of the crater and its
surroundings. As an example, the zero order coefficient
represents the average ground surface elevation, the 1% order
is related with the local topographic slope and 2™ with the
crater depth. The purpose of the interpolation with the
Chebyshev polynomials is to model each crater with a
theoretical shape. An example of interpolation is shown in
Figure 4. The use of such polynomial approximations for
detecting post-impact degradation processes in lunar craters
has been already proposed in Mahanti et al. (2015). Here the
analysis of odd coefficients of Chebyshev polynomials has
been applied to detect asymmetries in the crater profile. The
concept that is pursued in this subtopic is to recognize
landslides by analyzing the discrepancy between the actual
crater cross-sectional profiles and the theoretical ones
(Yordanov et al., 2016). Four cross-sections are considered
per each crater. Deviations from the theoretical shape can be
detected through the analysis of the Chebyshev coefficients
so that the landslide is automatically identified. Whilst the
LROC-DEM has been used for the initial set up of the
methodology, data from CE-2 will be also considered in a
successive stage, due to similar spatial resolution. Indeed, the
acquired stereo images from the equipped charge-coupled-
device (CCD) camera can reach a resolution of 7 m from CE-
2 circular orbit (reaching a minimum distance from ground
of approx. 100 km), and 1.5 m around the perilune (minimum
distance from ground of approx. 15 km), see Zhao et al.
(2011).

Further studies will include: the measurement of the
landslide volume; the analysis of relationships between
landslides and characteristics of the hosting craters as well as
the surrounding terrain; the lithological and mineralogical
characterization of surfaces using multispectral data acquired
by the 1IM data from CE-1.

Another working group (CNR-IRPI, University of Cagliari)
will focus on the research and characterization of lava-tubes
below the Moon surface. Recent planetary missions have
made available large amounts of remote sensing data.
Among the many interesting results obtained from the
analysis of high-resolution images is the detection of lava
tubes on Mars and on the Moon (Haruyama et al., 2009).
These caves, also present on Earth, originate from cooling
and the subsequent consolidation of the outermost part of
very fluid lava flows. In the harsh lunar environment, lava
tubes can provide a natural shelter. Detection and
characterization of lava tubes and their relations with sinuous
rilles will use data available from the multispectral sensor
1M and the CCD.

Appmmmstien of S Crater Shape

Figure 4. - Example of interpolation of a lunar crater cross-
sectional profile using Chebyshev polynomials.

3.3 Topic3

Topic 3 has the aim of investigating calibration and
preprocessing procedures for the sensors in the CE-1
payload. Prior to data analysis and application, pre-
processing on the remotely sensed raw data is necessary for
correcting distortion due to the characteristics of imaging
systems and imaging conditions. It normally precedes further
manipulation and analysis of the image data to extract
specific information. The pre-processing of data is a crucial
step in the remote sensing analytical workflow, and is often
the most time consuming and costly.

Since the CE-1 ended about seven years ago, several research
groups have already started working on data preprocessing.
Hu et al. (2013) have coped with the calibration of laser
altimetry data, obtaining significant improvement on the
quality of the final DEM. Wu et al. (2013) have dealt with
the photometric correction and in-flight calibration of
Interference Imaging Spectrometer (I11M) data onboard CE-
1. In the literature, several experiences about calibration of
other sensors during space missions are reported. For
example, Haruyama et al. (2008) have worked on the
radiometric calibration of digital camera adopted during
SELENE mission.

Whilst other Topics of MMP are focused to output specific
products, Topic 3 has a more general purpose and it’s
expected to contribute to those aspects of sensor data
processing that may be required in other Topics of the
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project. In Figure 5, the pre-processing workflow of 1IM data
implemented during MMP is shown.

1IM 2A data
(radiance)

Cross-
calibration

“bad pixel”
removal

spatial
smoothing

stripe noise
removal

spectral
smoothing

photometric

georeference .
correction

corrected
reflectance
products

reflectance
calibration

Figure 5. - 1IM pre-processing workflow.

3.4 Topic4

The aim of Topic 4 is to output a map of element distribution
on the Moon surface on the basis of data acquired by the
Interference Imaging Spectrometer (11M) onboard CE-1 (Wu
et al., 2010). 1IM sensor covers a spectral range (0.48-0.96
pm) that can be used to retrieve information about the
differences of lunar surface composition. Indeed, reflectance
spectra may offer important information on mineralogy and
lithology. Starting from the experiences of Wu et al. (2010;
2013), the calibrated data acquired by IIM sensor will be
used for the spectral characterization of the surfaces in terms
of elements distribution, mineralogical composition and
lithologic characterization. Both the indirect approach based
on spectral parameters (see, e.g., Lucey et al., 2000), and the
direct indication retrievable from the 0.9 pm (Fe2+ bearing
silicates) absorption can be applied (even if 1IM spectral
range cannot investigate completely this absorption with
respect to longer wavelength sensors). Moreover, by
correlating spectral analysis of I[IM data with other
hyperspectral images covering a larger wavelength range
(i.e., M3 data from sensor on onboard Indian satellite
Chandrayaan-1 — see, e.g., Pieters et al., 2011), it will be
possible to extrapolate more mineralogical indication from
IIM data set. Laboratory spectral analysis on terrestrial
analogues (e.g., Serventi et al., 2014), as well as lunar
meteorites or lunar samples, can be useful to define these
spectral relationships (e.g. Lucey et al., 2000).

At this first phase the 1IM data are obtainable through the
MATISSE web-tool (see Subsect. 3.5). The data are
georeferenced and the full set of 26 bands, ranging from
522.37-918,109 nm, is available.

As described in subsection 2.2, the 1IM data will be also used
for a specific lithological analysis of the landslides in the
larger craters. In Figure 6, a preliminary processing result of

these data is shown: the surface of this crater (diameter 7.5
km) presents specific spectral anomalies.

The results of the research activities in Topic 4 will be
integrated with photo-interpretation and classification of the
main elements as volcanic morphologies and craters to
support the evolution and dynamics of these morphologies.
It is also planned to compare the processed data with existing
spectral imagery as Clementine UVVIS camera bands and
M3 products.

Figure 6. - The visualization of a lunar crater generated with
a decorrelated stretching of a color composite using CE-1
1IM.

3.5 Topich

This Topic, devoted to the establishment of a 3D
visualization system, would likely interact with the majority
of the other Topics as, thanks to advanced visualization
procedures, data analysis would boost with a great impact on
scientific return.

At the present time the Italian side of the Moon Mapping
project is focused in adding to the MATISSE web-tool
(http://tools.asdc.asi.it/matisse.jsp - Zinzi et al., 2016) the
data acquired by the Chinese missions to the Moon.

Very recently, all the CE-1 observations acquired with the
visible CCD camera and the VIS/IR IIM spectrometer have
been made available to the MMP users using MATISSE.
Furthermore, higher-order products of both CE-1 and CE-2
are already present in the MATISSE database, including
DEM and orthoimages.

Using MATISSE it is possible to retrieve spatial data on the
basis of a geographical query and to select one or more
observations in order to either display a single observation or
compute high-order products (i.e., mosaics, ratios,
differences, RGB images) on the basis of available
observations. The corresponding outputs can be managed by
means of popular GIS desktop software packages (with
GeoTIFF and ENVI format outputs) or using the advanced
3D tools provided by Paraview files (Fig. 7).

In the next future the number of observations available would
likely rise, including also Solar Wind lon Detector (SWID)
and CE-2 data set, thus allowing the full exploitation of the
available archives.
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Figure 7. - The 3D visualization of a lunar crater generated
using CE-2 high resolution ortophoto and NASA DEM
(details in Zinzi et al., 2016).

3.6 Topic6

IRSPS will edit a Moon Atlas dealing with the geological
characterization of a number of sites in proximity of the
maximum illumination areas of the lunar poles. The Atlas
dataset will be based on CE-1 and CE-2 images and data. The
Atlas will use as starting point the work by Mazarico et al.
(2011) and will concentrate on both lunar poles. These areas
bear strong scientific interest such as the history of volatile
(Chin et al., 2007), but, also, they are interesting for the
human exploration.

Data from these areas are critical for the planning and
operations of future surface mission since:

e these sunlit areas could be prime locations for the
establishment of solar photovoltaic arrays, and,
consequently, they are rather efficient in power
generation;

e sunlit area are thermally benign, the surface
temperatures at the lunar equator and mid-latitudes
depend almost entirely upon incident solar illumination,
whereas the surface temperature of the permanent or
quasi-permanent lit areas is nearly constant (Mazarico
et al., 2011) facilitating the thermal design of surface
habitats and equipment;

o lunar regions from about 80° to the pole are of particular
interest due to the possible presence of volatiles
(Watson et al., 1961; Paige et al., 2010), especially in
the permanent shadow regions (PSRs) seen as potential
cold traps of volatiles (Nozette et al., 1996; Feldman et
al., 2000; Bussey et al., 2003; Mitrofanov et al.,
2010a,b).

4. CONCLUSIONS AND PROSPECTS

This paper has outlined the “Moon Mapping Project’ between
university and research institutes of Italy and China. The
project has seen its kick-off on 2015 and is going to develop
up to the scheduled end on 2017. The focus of the project is
to promote cooperation between both countries in space
applications and science. The main feature that characterize

‘Moon Mapping Project’ is the strong student-oriented
character. The research activity are promoted to actively
involve undergraduate students and to make easier
exchanges between both countries. Using the data of China's
lunar exploration, undergraduates from both countries work
together to map the moon in three dimension, and share the
cooperation achievements globally.

The cooperation between Italy and China is expected to
deepen cooperation in the field of science and education. The
main anticipated achievement of the cooperation is the joint
publication of a textbook on lunar remote-sensing image
processing. The textbook will be published in English and
will be used either in relevant university classes and also as
a guide-book in museums.
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