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Abstract Chang’E-1 is the first lunar mission in China, which was successfully launched on Oct. 24th,
2007. Tt was guided to crash on the Moon on March 1, 2009, at 52.36°E, 1.50°S, in the north of Mare
Fecunditatis. The total mission lasted 495 days, exceeding the designed life-span about four months.
1.37 Terabytes raw data was received from Chang’E-1. It was then processed into 4 Terabytes science
data at different levels. A series of science results have been achieved by analyzing and applicating these
data, especially “global image of the Moon of China’s first lunar exploration mission”. Four scientific
goals of Chang’E-1 have been achieved. It provides abundant materials for the research of lunar sciences
and cosmochemistry. Meanwhile these results will serve for China’s future lunar missions.

Keywords Chang’E-1, Lunar probe, Science results, China’s Lunar Exploration Program, Moon

1 Introduction named as Chang’E Program, and the first lunar probe

was named as Chang’E-1. Chang’E is a famous Chi-
1.1 China’s Lunar Orbiting Project nese mythical goddess. She ascended from the Earth
China’s Lunar Exploration Program (CLEP) was  and lived on the Moon as a fairy after drinking an
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elixir.

The first stage of CLEP, lunar orbiting project,
was subscribed by Premier Jiabao Wen, and approved
23, 2004.
systems of CLEP, which are launch vehicle system,

by Chinese government on Jan. Five
orbiter system, Telemetry Tracking and Command
(TT&C) system, launch site system, and Ground Seg-
ment for Data, Science and Application (GSDSA),
were established in April, 2004.

Satellite platform, instruments and two deep
space ground stations were developed and con-
structed in 2005-2006. Large number of tests and
experiments were carried out simultaneously.

Chang’E-1 was launched on Oct. 24, 2007. It
means that China has taken a first step in the field
of lunar exploration. The implementation of CLEP
opened the window of China’s deep space exploration.
It marked a new milestone in China’s aerospace in-
dustry after Earth satellites and manned spaceflight.
1.2 Operations and Maneuver

of Chang’E-1 Mission
Chang’E-1 blasted off on a Long March 3A carrier
rocket at 10:05 GMT on Oct. 24, 2007, from the No. 3
launching tower at the Xichang Satellite Launch Cen-
ter in Southwest China.

After launch, Chang’E-1 lunar probe experi-
enced active phase orbit, phasing orbit, cislunar
transfer orbit and circumlunar orbit of trajectory
(Figure 1). It took 13 days 14 hours 19 minutes in
Chang’E-1’s journey from the Earth to the Moon.
The flight distance is 2090000 km.

Chang’E-1 CCD camera was firstly powered on
Nov. 20, 2007. The science data from Chang’E-1
were received by Beijing and Kunming ground sta-

tion simultaneously. The first image from ChangE-1

cislunar transfer * eircumlunar
orbit orbit

phasing orbit

Figurel Operations and maneuver of Chang’E-1 probe.

was released on Dec. 26, 2007. One year later, the
first vision of global image of the Moon was released
on Dec. 12, 2008.

Chang’E-1 was guided to crash on the surface
of the Moon and ended its life at 08:13:10UTC,
on March 1st, 2009. Impact point was located at
52.36°E, 1.50°S, in the north of Mare Fecunditatis.

2 Science Goals and Instruments

2.1 Science Goals
There are four scientific goals of Chang’E-1 lunar
probell=3].

The first goal of Chang’E-1 is to obtain images of
the Moon and to map global 3D stereo images of the

[4=8] 3D stereo images are basic materials to

Moon
study the surface features of the Moon. Using these
data, the topography, geologic units of the lunar sur-
face and tectonic outline-graphs of the Moon could be

[9-10 " The information can also provide ref-

outlined
erence for site selection of China’s future soft-landing
on the Moon.

The second goal is to retrieve the abundance
of some key elements on lunar surface. One set of
Sagnac-based interferometer spectrometer, one set of
~-ray spectrometer and one set of X-ray spectrome-
ter were developed and served for this purpose. These
results could be used to obtain the distribution of ma-
jor rocks and minerals, and to evaluate the amount
of important resource of the Moon!**—14],

The third goal is to measure the micro-
wave brightness temperature (Ig) of the Moon.
Combining with information about lunar surface
properties'®~17 brightness temperature data of the
Moon could be used to derive thickness of lunar re-
golith layers. Furthermore, the resource amount of
helium-3 can be estimated. A multi-channel mi-
crowave radiometer was developed and served for this
purpose.

The fourth goal is to detect the space environ-
ment near the Moon, including temporal and spatial
variation on the composition, flux and energy spec-
trum of solar wind'8=19. These data could be used
to study the influence effect of solar activity on the
Earth and the Moon. One set of high-energy particle
detector and two sets of solar wind ion detectors were

developed and served for this purpose.



394

2.2 Scientific Instruments

To achieve the above four science goals of the mis-
sion, eight sets of scientific instruments were chosen
as payloads on Chang’E-1 lunar orbiter, including
CCD stereo camera (CCD), Sagnac-based Interfer-
ometer Spectrometer (IIM), Laser Altimeter (LAM),
Microwave Radiometer (MRM), 7-Ray Spectrome-
ter (GRS), X-Ray Spectrometer (XRS), High-energy
Particle Detector (HPD), and Solar Wind Ion De-
tectors (SWID). The science goals and corresponding
scientific instruments are introduced as follows!!].
Science goal:

To achieve three-dimensional
stereoscopic image of the Moon

Instrument Three-line array CCD stereo
camera.

Principles The Chang’E-1 CCD stereo cam-
era was designed to get 3 planar images for the
same object from three different view angles (forward,
nadir and backward), which made it possible to get
DEM data and orthophoto image data of the global
lunar surface.

Technical indexes

Spectral range: 500-750 nm.

Optical channel: 1.

Swath width: 60km.

Base-height ratio: > 0.6.

Imaging region: 70°N-70°S.

Pixel spatial resolution (sub-satellite point):

120 m.
Instrument Laser altimeter.

Principles Laser pulses were transmitted
from Chang’E-1 laser altimeter to the lunar surface.
The range from the orbiter to lunar surface was de-
termined by measuring the time delay between trans-
mission of a laser pulse and detection of the back
scattered signal from the lunar surface. The altitude
of the lunar surface could be calculated from the dis-
tance between the spacecraft and the nadir point of
the lunar surface.

Technical indexes

Range of distance measurement: 200 km=+25km.

Footprint on the lunar surface: < #200m.

Laser wavelength: 1064 nm.

Laser energy: 150mJ.

Laser pulse width: 5-7ns.

Repetition rate of laser pulse: 1 Hz.

Chin. J. Space Sci. 2010, 30(5)

Aperture of reception telescope: 140 mm.

Focal length of reception telescope: 538 mm.

Range resolution: 1m.

Ranging error: 5m.

Science goal:

To derive the chemical
and mineral composition
of the lunar surface

Instrument Sagnac-based interferometer spe-
ctrometer.

Principles The Sagnac-based interferometer
spectrometer was developed to obtain the multi-
spectral image of the lunar surface. Then the compo-
sition of lunar surface materials could be retrieved.

Technical indexes

Swath width: 25.6 km.

Pixel spatial resolution (sub-satellite point):

200 m.

Imaging region: 70°N-70°S.

Spectral range: 480-960 nm.

Optical channel: 32.

Pixel numbers: 256 x 256

(after 2 x 2 pixels combination).

S/N: > 100.

Instrument ~-ray spectrometer.

Principles In order to retrieve abundances of
major elements on the lunar surface, the ~-ray spec-
trometer was developed to measure the v-ray photons
transmitted from the lunar surface materials. Using
GPS data, the abundance and distribution of some
major elements could be derived.

Technical indexes

CsI crystal of main detector: ¢118 x 78 (mm).

Anticoincidence crystal: 30 mm bottom-

thickness, 30 mm side thickness.

Energy resolution of y-ray spectrometer:

9%137Cs at 662keV.

Energy range: 300-9000keV.
Number of energy bands: 512 or 1024.
Instruments X-ray spectrometer.
Principles The X-ray spectrometer was devel-
oped to measure the energy spectrum of fluorescence
X-rays transmitted from the lunar surface, which is
excited by cosmic ray.

Technical indexes

Effective area of the detector: 17 cm?.

Energy range: 1-60keV.
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Resolution: < 10% at 59.5keV (Hard X-ray),
< 600eV at 5.95keV (soft X-ray).
Intrinsic resolution on the lunar surface:
170km x 170km (for orbit altitude 200km).
Energy range of solar monitor: 1-10keV.
Energy resolution of solar monitor:
< 600eV at 5.95keV.
Science goal:
To retrieve physical properties and
thickness of lunar regolith layers
Instrument Microwave radiometer.
Principles The microwave radiometer was de-
veloped to measure the microwave brightness temper-
ature of the lunar surface. The physical properties
and thickness of lunar regolith layer could be derived
from. Furthermore, we can estimate quantity and
distribution of helium-3 resource on the Moon.
Technical indexes
Frequency channels: 3.0 (+ 1%) GHz,
7.8 (£ 1%) GHz, 19.35 (+ 1%) GHz,
and 37 (£ 1%) GHz.
Integration time: 200 (+ 15%) ms.
Brightness temperature sensitivity: < 0.5 K.
Linearity: > 0.99.
Science goal:
To probe the space
environment near the Moon
Instrument High-energy particle detector.
Principles The high-energy particle detector
was developed to measure the energy spectrum and
flux of heavy ions and protons near the Moon.
Technical indexes
Electrons: two energy level
(E1: > 0.095MeV. Ey: > 2.2MeV).

Protons: six energy level

(P1: 4-8MeV. Py: 8-15MeV.

P3: 15-32MeV. Py: 32-7T0MeV.

Ps: 70-160MeV. Ps: 160-400 MeV).
Instrument Solar wind ion detectors.
Principles The solar wind ion detectors were
developed to measure the composition and distribu-
tion of low-energy solar wind ions near the Moon.
The characteristic parameters of quiet solar wind and
high speed solar wind could be retrieved.

Technical indexes

Energy range: 0.05-20keV.

Number of energy bands: 48.

Velocity of solar wind: 150-2000km/s.
Instantaneous field of view: 6.7°x 180°.

Acceptance angle: 6.7°x15°.
3 Science Data of Chang’E-1 Mission

During its 495 days’ life-span, eight sets of scien-
tific instruments aboard Chang’E-1 probe transmit-
ted 1400 Gigabytes (GB) raw data to the ground sta-
tion. GSDSA has processed and produced about
4000 GB science data at different levels (Table 1).
The definitions of data at different level data are
shown in Table 2. The level 2 and level 3 science
data have been released to Chinese science communi-
ties since 2008.

4 Primary Science Results of
Chang’E-1 Mission

Primary science results, which were derived from
Chang’E-1 data are concluded as follows.

Table 1 Amount of science data of Chang’E-1 at various levels (Megabytes, MB).

data amount/MB  CCD ITM LAM GRS XRS MRM HPD SWID Total

Raw data 1389 641

0 level 433730 692 464 5766 72788 45792 30272 1524 97794 1380130

1 level 30696 201 385 9845 22188 19524 17206 3459 30734 335037

2 level 78029 560 332 926 37318 56 005 1334 6335 79370 819649

3 level 3500 2.39 42 108 7623 11273

Total 545955 1454181 16 537 132336 121321 48812 11426 215521 3935730
Global cover 84% 9120000 88 days’ 74 days’ 8 times 120 day’s

Data coverage  area of points integrated  integrated  global integrated

characteristics the surface ranging data data coverage data

70°N to 70°S




396

Table 2 Definition of science data
of Chang’E-1 mission.

levels data description

raw data Raw data was baseband data received from data

transmission receiver in the ground stations

Level 0A  Level 0A data was produced after the procedure
of frame synchronization, descrambling and decom-

pression. The UTC time was added

Level 0B Level 0B data was produced after sequencing,
removing duplication and optimized stitching for

Level 0A from two ground stations

Level 1 Level 1 data was produced after format reorgani-
zation and physical quantity conversion of level 0B

data, and description about the data was added

Level 2 Level 2 data was produced after radiometric cali-
bration, geometric correction and photometric cor-
rection of Level 1 data. Level 2 data could be pro-
duced farther into level 2A, 2B and 2C different

sublevel

Level 3 Level 3 data was produced after deep processing

based on the Level 2 data

4.1 Three-Dimensional Stereoscopic
Image of the Moon

From Nov. 20, 2007 to Jul. 1, 2008, the CCD camera
successfully mapped the whole surface of the Moon,
including the polar areas, where the solar illumina-
tion was quite weak. Generally, orbital image data
are distinctly affected by altitude, solar elevation an-
gle, incidence angle, view angle, exposure time and
so on. Data preprocessing is to eliminate the above
factor in order to get uniform data in the same sit-
uation. The data preprocessing for lunar images in-
cludes radiometric calibration, geometric correction,
and photometric correction. After above preprocess-
ings, we get only the single track of radiance image
data. Procedure of map-making, such as projecting,
geometric positioning and mosaicking, cartographic
editing, is just to warp all tracks of images and cre-
ate a global map. 589 tracks of image data, most of
which have vertical view angles, have been used to
produce a global map of the Moon.

(1) The first lunar image from Chang’E-1 is a
combination product of 19 tracks image data received
since Nov. 20-21, 2007. It was released on Nov. 26,
2007 (Figure 2).

(2) Three two-dimensional images, obtained by
Chang’E-1 lunar probe, were processed into a three-
dimensional image at the same time (2% and released
on Nov. 26, 2007 (Figure 3).

Chin. J. Space Sci.

2010, 30(5)
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Figure2 First lunar image obtained by

Chang’E-1 lunar mission.

area in Figure 2
Figure3 Three-dimensional image obtained

by Chang’E-1 lunar mission.

(3) Using image data, plane and 3D topography
maps of some important lunar geologic units image,
e.g., mares, mounts, lacus, sinus, vallis, rimas, Crater
Tycho and craters named after Chinese names Chang-
Ngo, Chang Heng, Wan-Hoo, and Kuo Shou Ching,
were produced.

(4) Laser Altimeter (LAM) achieved 9.16 mil-
lion points ranging data of the lunar surface. These
ranging data, with accuracy of 100 m and cross-track
spacing of 80 km, depict the global DEM shape of the
Moon in a center-of-mass frame. Pointing accuracy

is a few tenths of a degree, leading to positioning er-



Ouyang Ziyuan et al.: Chang’E-1 Lunar Mission: An Overview and Primary Science Results 397

ror of several kilometers. Figure 4 are global digital
elevation model of the Moon derived from Chang E-1
LAM data.

(5) Since Nov. 20, 2007 to July 1, 2008, the
CCD camera successfully mapped the whole surface
of the Moon, including the polar areas, where the
solar illumination was quietly weak. 589 tracks of
image data, most of which have vertical view angles,
have been used to make a global image of the Moon
(Figure 5)1?!1. The global image of the Moon was re-
leased on Nov. 12, 2008.

(6) Using 500 m spatial resolution DEM derived
from CCD image, we have produced 3D topography
of some important lunar geologic units. The follow-
ing is a 3D map of a crater with typical central peak
(Figure 6)120].

(7) We are still producing and developing global
3D maps of the Moon.

density of craters, distribution of linear and circular

Diameter and distribution

structures are analyzing. These maps will be released

in the near future.

Figure4 Global DEM of the Moon derived from

Chang’E-1 LAM data.

lunar north pole

Figure5 Global image map of the Moon of CLEP.

Figure6 3D map of a crater with typical central peak

(spatial resolution is 500 m).

4.2 Chemical and Mineral Composition
of Lunar Surface

The distribution of element abundance and rock types
are important for understanding the formation and
evolution of the Moon. Three sets of instruments on
Chang’E-1, sagnac-based interferometer spectrome-
ter, y-ray spectrometer and X-ray spectrometer were
selected to derive the distribution of chemical compo-
sitions and minerals on the lunar surface. Chang’E-1
IIM images, reflectance properties of Moon, were used

to derive the chemical and mineral composition of
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Chang’E-1 1IM Clementine UVVIS

i

FeO / (Wt %)

]

(b)

Figure7 FeO abundance of the lunar surface in the Mare
Crisium. (a) Image data was sampled at 757 nm of the
2185 orbit of Chang’E-1 IIM; (b) Iron abundance of the
lunar surface in the Mare Crisium, left color map was de-
rived from Chang’E-1 IIM data, and right color map was
derived from Clementine UV VIS data.

lunar surface (Figure 7). v-ray spectrometer and X-
ray spectrometer data were used to derive the abun-
dance of some key elements. These instruments were
calibrated by our lunar highland®" and mare®? soil
simulants.

Using inversion model of elemental abundances
proposed by Lawrence (2000), the global abundance
maps of radioactive elements U, K and Th had been

acquired (Figure 8 and Figure 9).

Chin. J. Space Sci. 2010, 30(5)

Throughout normal solar conditions, Chang’E-1
XRS was able to detect abundance of Mg, Al and
Si of the lunar surface materials. During solar flare
events, it might detect other elements such as Ca, Ti
and Fe.
the lunar surface is excited by solar X-ray photons.

It is known that the X-ray emission from

Unfortunately, 2008 was the solar minimum year in
23-years’ solar cycle, which means that the solar X-
ray flux was the lowest. As a result, the fluorescent
X-rays excited by the solar X-rays were so few. Thus
the elemental abundance distribution could hardly be
achieved. The onboard solar monitor recorded solar
31, 2007 to Jan. 2, 2008,
these data could be used to detect abundance of Mg,
Al and Si in the area of 3000000 km? of the Moon.
Chang’E-1 IIM completed 84% coverage of the

lunar surface between 70°S and 70°N. A series of

X-ray bursts since Dec.

models have been developed to evaluate iron abun-
We have
developed preliminary algorithms to map FeO and

dance from Clementine UVVIS images.

TiO2 abundances from Chang’E-1 IIM images. Com-
bined with abundance of some key elements derived
from GRS and XRS data, the distribution of KREEP
rocks, basalt and plagioclase can be outlined.

4.3 Thermal Properties and Thickness

of Lunar Regolith Layers

A set of four channel Microwave Radiometer (MRM)
was boarded on Chang’E-1, which worked at 3.0 GHz,
7.8 GHz, 19.35 GHz and 37 GHz. Up to now, Cha-
ng’E-1 MRM is the first attempt of passive microwave
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Figure8 Global map of uranium abundance (a pixel is 5° x 5° for longitude and latitude).
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Figure9 Global map of Potassium abundance (a pixel is 5° x 5° for longitude and latitude).

remote sensor in all lunar orbiters. It had completed
eight times coverage to measure the microwave radi-
ation of the Moon. The spatial resolution, tempera-
ture sensitivity, and coverage of Chang’E-1’s bright-
ness temperature (7) data sets are much better
than any other ground-based observation by radio

observatories23—26],

Since the wavelength of mi-
crowave is much longer than visible band, microwave
radiation can penetrate the loose lunar surface ma-
terials from about a few centimeters to several tens
of meters. Thus, thermal properties of regolith layers
could be retrieved from brightness temperature data
setsl27,

Brightness temperature (Tg) of the Moon was
measured and calibrated by orbital two-point calibra-
tion. The contribution of radio sources for brightness
temperature, which could contribute to the cold sky
calibrating antenna of Chang’E-1 MRM, were elim-
inated. The data batch processing method was es-
tablished, errors were estimated. We also have con-
structed microwave radiation transfer model of the
Moon.

The preliminary algorithm, which was used to
derive the thermal properties and thickness of re-
golith layer from brightness temperature data, have
been proposed. The physical model of the lunar re-
golith could be idealized and simplified as three layer
model, that is dust layer, regolith layer and bedrock
layer. The correlation between brightness tempera-

ture and thickness of regolith layer, could be resolved
by brightness temperature simulation for the layered
mediums.

In the future, other factors that would contribute
to brightness temperature of the Moon, such as sur-
face roughness, volume scattering effects produced by
rock blocks in the regolith, layered structure of lunar
regolith, should be considered. Microwave radiation
transfer model of the Moon will be improved and re-
fined.

Daytime and nighttime brightness temperature
of the Moon at frequency of 3.0GHz, 7.8 GHgz,
19.35GHz, 37.0 GHz were mapped (Figure10-11).
The maps show that brightness temperature in higher
latitude zone is lower than that in low latitude.
Large craters, boundaries between mare and high-
land, basins can be identified clearly from the map. It
suggests that brightness temperature is majorly con-
trolled by lunar topography. Hot regions are pre-
sented in dark mare, where contains more abundant
titanium-containing mineral ilmenite in the mare. Il-
menite is highly lossy material, which can absorb
more microwave radiations than anorthite in the high-
land.

4.4 Space Environment Near the Moon

One set of High energy Particle Detector (HPD) and
two sets of Solar Wind Ion Detectors (SWIDs) are
onboard to detect the space environment in the lunar

orbit. During its operation, Chang’E-1 passed the
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interplanetary space, the lunar wake, Magnetosheath
(MS) and Magnetotail (MT) of the Earth. Counts
from HPD were rare in the interplanetary space, while
it observed electrons of 0.1 MeV in MS and MT (Fig-
ure 12).

Chang’E-1’s solar wind ions detectors revealed

160°W

120°W

Chin. J. Space Sci. 2010, 30(5)
more abundant informations than HPD (Figure 13).
SWID’s data revealed several characteristics of geo-
space plasma. In the interplanetary space, solar wind
plasma shows typical characteristics of large den-
sity, low temperature and few disturbances. Plasma

temperature and disturbance were enhanced when

120°E 160°E

120°E 160°E

Ty/K
[ high: 238

L low: 65

Figure 10 Lunar nighttime brightness temperature of the Moon at frequency of 37.0 GHz.
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L low: 65

120°E

Figure11 Lunar daytime brightness temperature of the Moon at frequency of 37.0 GHz.
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Chang’E-1 passed through the magnetic sheath of
Earth’s geomagnetic field. While in the magnetotail,
the density of solar wind ions is very low. Meanwhile,
the proton temperature is high.

SWIDs also observed newly discovered reflected

271, The acceleration of reflected

solar wind protons
protons in dayside of lunar surface and the polar ter-
minator region revealed some new details of the ki-
netic nature of the interaction between solar wind and
the Moon.

4.5 Controlled Impact on the Moon

The velocity of Chang’E-1 was reduced to 1.627km/s
1, 2009.

The CCD camera was powered on from 59km al-

after operations and maneuvers on Mar.

titude above the lunar surface when Chang’E-1 was
guided and aimed at the impact point within Mare Fe-
cunditatis. At 16:13:10LT, Mar. 1, 2009, Chang’E-1

2ol 3 E [
ar s
3

wind

Magnetosheath

\

Bowshock E
|II

Figure12 Four space regions where space environment

data have been obtained by Chang’E-1 lunar probe.
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impacted on the Moon at the site of 52.36°E, 1.50°S.
The CCD camera has mapped the 1469 km images of
the Moon surface before the crash (Figure 14).

5 Conclusion and Discussion

Through the success of Chinese first lunar explo-
ration project, a number of key technologies have
been broken through, such as the processing meth-
ods of CCD image, procedure of global image map-
making, automatic DEM generation from Chang’E-
1’s CCD images, processing method of LAM ranging
data, processing method of combination of CCD im-
age and LAM data. We also acquired some innova-
tive science results in the research and application of
Chang’E-1 data. These results have been and will be
presented and published in the journals, conferences,
and patents.

The global image map of the Moon has been ac-

| 15:58:36 LT
| (54.86'E, 49.15°S)

Chin. J. Space Sci. 2010, 30(5)
quired from Chang’E-1 CCD image. This image map
covers the whole Moon at uniform spatial resolution
of 120 m. The Chinese global image map of the Moon
provides a new, highly uniform and precise data for
lunar topographic demonstration and research. Be-
cause the CCD data is based on the three-line CCD
stereo camera, it is possible to map 3D Moon at a very
high resolution. After extracting the DEM data based
on the three line array data by the photogrammetry
method, the 1:2500 000 global digital relief map with
contour interval < 500m and 100% coverage has been
released. Global DEM of the Moon, which are derived
from 9.16 million points ranging data of Chang’E-1
laser altimeter, has been produced. In the geologic
and geographic research, and selection of landing sites
for the lander and rover, the new images and 3D maps
will play important roles.

As the first attempt of passive microwave remote

sensor in all lunar orbiters, Chang’E-1 MRM has co-
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Figure 14 Mosaic of last images from Chang’E-1 before its controlled impact.
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mpleted eight times coverage to measure the mi-
crowave radiation of the Moon. The spatial res-
olution, temperature sensitivity, and coverage of
Chang’E-1’s brightness temperature (Tp) data sets
are much better than any other ground-based ob-
The thickness of

lunar regolith at some typical regions has also been

servation by radio observatories.

derived from brightness temperature data. Thermal
properties of regolith layers could be retrieved in the

(8] Chang’E-1’s brightness temperature data

future
sets suggest that brightness temperature of the Moon
is controlled obviously by the topography and com-
position of lunar surface materials.

A large amount of meaningful data by HPD and
SWIDs that are meaningful. From these data we can
learn the space environment characteristics in differ-
ent space areas around the Moon. As a weakly mag-
netized airless body, the Moon interacts with solar
wind directly, which produces some unique features.
Combing the recent Japanese, Indian and Chinese
lunar missions, the plasma environment close (100
200km altitude) to the Moon was firstly extensively
detected.

Chang’E-1’s GRS, IIM and XRS have achieved
the abundance of some key elements and distribution
of major minerals of the Moon. Using these results,
we can outline the distribution of KREEP rocks, mare
basalt and highland plagioclase. Fine tectonic map
will be presented based on Chang’E-1 data in the fu-
ture.

The success of Chang’E-1 is the first step of Chi-
nese deep space exploration. Large amount of science
data were produced from eight sets of instruments.
We also have made beneficial attempts in data pro-
cessing and retrieving algorithms. Subsequent science
results have been submitted to relative journals and

conferences, and will be published in the near future.
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pressurized modules, various space missions and ex-
periments would be implemented. Astronauts would
have a certain involvement in the scientific exper-
iments. There might also be possible for them to
be involved in implementing EVA construction/mai-
ntenance/replacement /expansion of the capacity of
science facilities. The ability of transporting equip-
ments and supplies to the station, retrieval of sam-
ples is expected. Also, complete coverage of teleme-
try /telecommand and information management in or-
bit will be implemented. China’s space station is to
run for about 10 years, so either the long term sci-
ence experiments could be done, or with the support
of Shenzhou or cargo spaceship, short term experi-

ments would be also conducted.

Multidisciplinary researches in space science and
exploration can be done in China’s Space Station,
which shows it is a great historical opportunities for

the space science in this country.
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