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Chang’E-1 Lunar Mission:
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Abstract Chang’E-1 is the first lunar mission in China, which was successfully launched on Oct. 24th,
2007. It 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.
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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 [rst stage of CLEPOlunar orbiting project O
wassubscribed by Premier Jiabao W en Cand ap proVed
2302004. Five
systems of CLE POwhich are launch vehicle sysem

by Chinese goVernmelX on Jan.

orbiter systemdTelemetry Tracking and Command
o' T& ClOsy stemdaunch site systemand Ground SegO
ment for Datal Science and Application [GSD SA [
wae etablished in April (2004,

Satellite platformd instruments and two deep
space ground stations were developed and conO
structed in 2005—2006.
experiments were carried out simultaneously.
24002007. It

means that China has taken a 6rst step in the 6eld

Large number of tests and

Chang'E—% was launched on Oct.

of lunar exploration. The implementation of CLEP
opened thewindow of China'sdeep space exploration.
It marked a new milestone in China's aerospace in—
dustry after Earth satellites and manned spaceflight.
1.2 Operations and M aneuver
of Chang'E-1 M ission
Chang'E-% blasted off on a Long March 3A carrier
rocket at 1005GMT on Oct. 24[20070rom the No.3
launching tower at the Xichang Satellite Launch Cen—
ter in Southwest China.

After
enced active phase orbit O phasing orbitd cidunar

launchO Chang'E[L lunar probe experild

trander orbit and circumlunar orbit of trajectory
(Figure | O
Chang'E-%'s journey from the Earth to the Moon.
The aight dist ance is 2090000 km.

Chang'E[ll CCD camera was nrstly powered on
NoV. 2002007. T he science data from Chang'E—%
wer e received by Bejjing and Kunming ground sta—

It took 13 days 14 hours 19 minutes in

tion simultaneously. T he [r ¢ image from Chang'E—+

Figurel O perations and maneu\er of ¢ hang'E—Xprobet

was released on Dec. 2602007. One year laterOthe
Orst vision of global image of the Moon was released
on Dec. 12(J2008.

Chang'E[l was guided to crash on the surface
of the Moon and ended its life aa 08@30UTCO
on March | st [12009.
52.360E [11.500S0in the north of Mare Fecunditatis.

Impact point was located at

2 Science Goals and Instruments
2.1 Science Goals

There are four scienti6éc goas of Chang'ECL lunar
probell—30

The6rst goal of Chang'E—%is to obtain images of
the Moon and to map global 3D stereo images of the
Moon4—-80 3D stereo images are basic materials to
gudy the surface features of the Moon. Using these
datalOthe topogr aphygeologic units of the lunar sur—
face and tectonic outline-graphsofthe Moon could be
outlined P—200] Theinformation can also provide ref—
erence for site selection of China's future softanding
on the Moon.

The scond goal is to retrieve the abundance
of some key elements on lunar surface. One st of
Sagnac-based interferometer spectrometer [one set of
M ay spectrometer and one st of X-ray spectrome—
ter were developed and served for thispurpose. T hese
resultscould be used toobtain thedistribution of mall
jor rocks and mineralsdand to evaluate the amount
of important resour ce of the M oon [ (1240

T he

wave brightness temperature

to measure the micro—
MBO of the Moon.
information about

third goal is

Combining with lunar surface
propertiesllIs—7Tbrightness temperature data of the
Moon could be used to derive thickness of lunar re—
FurthermoreOthe resource amount of

A multi-<€hannel mi—

golith layers.
heliumB can be estimated.
crowave radiometer wasdeveloped and served for this
pUpCse.

The fourth goal is to detect the space environ—
ment near the Moon [dncluding temporal and spatial
variation on the compositionOflux and energy spec—
trum of solar wind[18—90] T hese data could be used
to study the influence elect of sO%r activity on the
Earth and the M oon. One set of high-energy particle
detector and two setsof solar wind ion detectors were

developed and served for this purpose.
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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), v-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: 1Hz.

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

Aperture of reception telescope: 140 mm.

Focal length of reception telescope: 538 mm.

Range resolution: 1 m.

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: 480-960nm.

Optical channel: 32.

Pixel numbers: 256 x 256

(after 2 x 2 pixels combination).

S/N: 2 100.

Instrument +-ray spectrometer.

Principles In order to retrieve abundances of
major elements on the lunar surface, the y-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

Csl 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 200 km).
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: < 0.5K.
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: 2 0.095MeV. E5: > 2.2MeV).

Protons: six energy level
(Py: 4-8MeV. Pp: 8-15MeV.
P3: 15-32MeV. Py: 32-7T0MeV.
P5: 70-160MeV. Ps: 160-400MeV).
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
4000GB 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 1M LAM GRS XRS MRM HPD SWID Total

Raw data 1389641

0 level 433730 692464 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 545 955 1454181 16 537 132 336 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
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remote }dnsor in all lunar orbitcrs. It had com pleted
eight tillles coverage to measlire thc microwavc ralli—
ation of the 00001 Thc spatial resolution. tempera—
ture scnsitivity. aud coverag@of Cllang'E[l's bright—
Ticss tcmperaturd] MBO data sets are lIlluch better
thall any other grounflbascd obscrvation by radio
obscrvatorillR3—26¢ . Hhi—
crowal® is much longor than visible baud. microwavc

Sincc thc wavelcngth of

radiation can pemfrate the loosc lunald surface ma—
terials from about a few ccntinlctcrs to sevcral tIhs

of mcters. Thus. thermal propertils of regolitll layers

coullll be rctrievl from blightlless telllperature data

sets[2g .

Brightness tempcrature [MBOof the Alooll was
mcasured and calibrated by orbital two—point calibrald
tion. T hc contribution of radio sourccsfor brightness
temperature. which could contributc to the cold sky
calibrating antenna of Chang(E(L ORMI. were elim—
inated. The data batch proccssing method was es—
tablishcd . errors 0lfk estimated. We also havc con—
structed microwave radiation transfer model of thc
INoon.

Thc prclimillary algorithm. which was usd to
derive thc thcrmal properties and thickness of rcl
golitll layer from brightnesstemperaturc data. lalkt
been proposcd. The physical model of the lunar re—
g01litll coulll be idcalized alld silllpliCDed as thrce laycr
Inodell. that is dllst lalcr. rcgolith layl@ and bedrock

laver. T IO corrclation between brightness telnpcra—

ture and thickness of rcgolith layer. could beresolved
by brightness tempcraturc simulation for the layered
mediluns.

Iltheflliture. other factorsthat would contributc
to brightnesjtemperature of the | loon. sucll as slir—
face roughn(8s. volum c scattcring elcctsprofluccd by
rock Idocks in thlregolith. LU'erel structureof IO ar
reg0lith. should IJk cousderdd. OlicrowaVe raliation
transfer model of the | loon will1l¢ im proVed anll re—
Oned.

Daytime alld nighttinle brightncss teml[&rature
of tlle | looll at frcquency of 3.0GHz. 7.8GHz.
19.35GHz. 37.0GHz wcrc mappeld [Figure 10211
T hc mapsshow that brightness tclnpcratur@in Iligher

latitude zonc is lowcr than tllat in low latitllCe.
L arge craters. boundaries betwcen marc and high-
land. basinscan bc identified clearly from thenlap. It
suggests that brightness tcmpcraturc is nlajorl] con—
trolled by Illllar topography. Hot regiOls ardlprc—
scnted in dark mare. wllere contains more abd dant
titanium—eontaining mineral illncnitc in thc lllare. 110
nlenitc is highly lossy matcrial. wllicll can absorlj
moremicrowave radiationstllan anorthitein the higll—
land.

4.4 Space EnVironment Near the M oon

One =t of Higll cnergy Particle Dctector (HPDOand
two sets of SOJr YOAIIO 101 Detcctors OSJIDsO are
onboard to Qet ect t1lc spacc envirod Dt in the IO ar

orbit. Dllring its opéfation. Chang'E[l passed the
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impacted on the Moon at the site of 52.360E J1.500S.
The CCD camera haSmapped the 1469km images of
the Moon surface before the crash [Figure 140

5 ConClUSion and DiScussion

Through the success of Chinese 6rst lunar explo-
ration projectda number of key technologies have
been brCken thrCQughdOSJCh as the prO3&SSng meth—
ods of CCD imagelprocedure of global image map-
makingOautomatic DEM generation from Chang'E-
1's CCD images[processing method of LAM ranging
datalprocessing method of combination of CCD iml
age and LAM data. We alS a@Ured SOme innova—
tive science resultsin theresearch and application of
Chang'El'l data. T hese results have been and will be
presented and published in the jour nalsCconferences
and patents.

The global image map of the Moon has been ac-

quired from Chang'E-1 CCD image. Thisimage map
covers the whole M oon at uniform spatial resOlution
of 20m. The Chinese global image map of the Moon
prQOvides a new Chighly UnifOm and preGS data for
lunar topographic demonstration and research. Be—
causethe CCD data i8 based on the three-%ne CCD
stereo cameralit ispossibletomap 3D M Oon at avery
highresolution. After extractingthe DEM databased
On the three line array data by the phGOgrammetry
method[the | 2500000 global digital relief map with
contour interval < 500 m and 100% coverageha8 been
released. Global DEM of the M0On 0w hich are derived
from 9.16 million points ranging data of Chang'E—2
laSer altimeter DhaSbeen produCd. In the geOlQgiC
and geographicresearchand select ion of landing sites
for the lander and rover (the new imagesand 3D maps
willplay important roles.

Asthe [Ist attempt of passive microwave remote
sen80r in all lunar orbitersOChang'E.1 MRM has co—

LT

[b6[H]
lded

LT
L0241
del

LT

66251
deO

Figure 14 Mosaic of last images from Chang'E-l beforeits 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 (Tg) 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
future(?8]. Chang’E-1’s brightness temperature data
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.

Acknowledgements China’s lunar orbiting project is
a joint accomplishment under cooperation of China Na-
tional Space Administration, General Armament Depart-
ment, Chinese Academy of Sciences, China Aerospace Sci-
ence and Technology Corporation. In the receiving, pro-
cessing and application research of Chang’E-1 data, we
get help and support from many universities and institu-
tions. The authors would like to thank all engineers and
scientists who contribute to the project.

References

[1] Ouyang Z Y, Jiang J S, Li C L, et al. Preliminary scien-

tific results of Chang’E-1 lunar orbiter [J]. Chin. J. Space

Sci., 2008, 28(5):9-17

Ouyang Z Y. Introduction to Lunar Science [M]. Beijing:

China Astronautic Publishing House, 2005. 362

Heiken G H, Vaniman D T, Frend B M. Lunar Sourcebook

— A User’s Guide to the Moon [M}. Cambridge: Cambridge

University Press, 1991, 735

[4] Haruyama J, Ohtake M, Matsunaga T, et al. Long-lived
volcanism on the lunar farside revealed by SELENE ter-
rain camera [J]. Science, 2009, 323(5916):905-908

[5] Lucey P G, Blewett D T, Jolliff B L. Lunar iron and tita-
nium abundance algorithms based on final processing of

[2

3

Clementine ultraviolet-visible images [J]. J Geophys. Res.,

2000, 105(E8):20297-20 305

Pieters C M, Goswami J N, Clark R N, et al. Character

and spatial distribution of OH/H20 on the surface of the

moon seen by M3 on Chandrayaan-1[J]. Science, 2009,

326(5952):568-572

[7] Ono T, Kumamoto A, Nakagawa H, et al. Lunar radar

sounder observations of subsurface layers under the near-

side maria of the Moon [J]. Science, 2009, 323(5916):909-

912

Namiki N, Iwata T, Matsumoto K, et al. Farside gravity

field of the moon from four-way doppler measurements of

SELENE (Kaguya) [J]. Science, 2009, 323(5916):900-905

[9] Araki H, Tazawa S, Noda H, et al. Lunar global shape

and polar topography derived from Kaguya-LALT laser
altimetry [J]. Science, 2009, 323(5916):897-900

[10] Institute of Geochemistry, Chinese Academy of Sciences.

6

(8

Research Progress in Lunar Geology [M]. Beijing: Science
Press, 1977

[11] Alha L, Huovelin J, Nygard K, et al. Ground calibration of
the Chandrayaan-1 X-ray Solar Monitor (XSM) [J]. Nucl.
Instrum. Methods, 2009, 607(3):544-553

[12] Crawford I A, Joy K H, Kellett B J, et al. The scien-
tific rationale for the C1XS X-ray spectrometer on India’s
Chandrayaan-1 mission to the Moon [J]. Planet Space Sci.,
2009, 57(7):725-734

[13]) Grande M, Maddison B J, Howe C J, et al. The C1XS X-
ray spectrometer on Chandrayaan-1 [J]. Planet Space Sci.,
2009, 57(7):717-724

[14] Ogawa K, Okada T, Shira K, et al. Numerical estimation
of lunar X-ray emission for X-ray spectrometer onboard
SELENE [J]. Earth Planets Space, 2008, 60(4):283-292

[15] Haruyama J, Ohtake M, Matsunaga T, et al. Lack of
exposed ice inside lunar south pole shackleton crater [J].
Science, 2008, 322(5903):938-939

[16] Ohtake M, Matsunaga T, Haruyama J, et al. The global
distribution of pure anorthosite on the Moon [J]. Nature,
2009, 461:236-240

[17] Zheng Y C, Wang S J, Ouyang Z Y. Dielectric properties
of lunar material and its microwave penetration depth [J].
Geochim. Cosmochim. Acta, 2005, 69(10): A805

[18) Nishino M N, Maezawa K, Fujimoto M, et al. Pairwise
energy gain-loss feature of solar wind protons in the near-

(continued on page 391)



Gu Yidong, Guo Jiong: Recent Development in the Space Utility System of China’s MSF Program 391

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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