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    AbStract    Chang'E—1 is the 6rst lunar mission in China，which was successfully launched on Oct.24th，

    2007.It was guided to crash on the Moon on March l，2009，at 52.360E，1.500S，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 int0 4 Terabytes science

    data at dif五erent levels.A series of science results have been achieved by analyzing and applicating these

    data，especially“global image of the MoOn of China's 6rst lunar exploratiOn mission".FOUr scienti矗c

    gOals Of Chang'E—l have been achieved.It provides abundant materials for the researCh Of lunar sciences

    and cosmochemistry.Meanwhile these results will servefOr China's future lunar missions.
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    1    Introduction    named as Chang'E Program，and the矗rst lunar probe

    was named as Chang'E尸1.Chang'E is a famous Chi—

    1.1  China's Lunar Orbiting Project nese mythical goddess.She ascended from the Eartb

    China's Lunar Exploration Program （CLEP）  was and lived on the Moon as a fairy after drinking an
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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 servefor China's future lunar missions.

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



elixir. was released on Dec.  26，2007.  One year later，the

    The丘rst stage of CLEP，lunar orbiting project， 丘rst vision of global image of the Moon was released

was subscribed by Premier Jiabao Wen，and approVed    on Dec.12，2008.

by Chinese goVernmeⅡt on Jan.  23，2004.  FiVe    Chang'E一1 was guided to crash on the surface

systems of CLEP，which are launch vehicle system，    of the Moon and ended its life at 08：13：10 UTC，

orbiter system，Telemetry Tracking and Command    on March l st，2009.  Impact point was located at

（TT&C）  system，launch site system，and Ground Seg一    52.360E，1.500S，in the north of Mare Fecunditatis.

ment  for Data，Science and Application（GSDSA），

were established in April，2004.    2  Science Goals and Instruments
    Satellite platform，  instruments and two deep

space  ground  stations were  developed and  con一    2.1  Science Goals

structed in 2005—2006.  Large number of tests and    There are four scienti6c goals of Chang'E一1 lunar

experiments were carried out simultaneously.    probeI1—3】.

    Chang'E—1 was launched on Oct.  24，2007.  It    The 6rst goal of Chang'E—1 is to obtain images of

means that China has taken a 6rst step in the 6eld    the Moon and to map global 3D stereo images of the

of lunar exploration.  The implementation of CLEP    Moon【4—8】  .  3D stereo images are basic materials to

opened the window of China's deep space exploration.    study the surfacefeatures of the Moon.Using these

It marked a new milestone in China's aerospace in—    data，the topography，geologic units of the lunar sur—

dustry after Earth satellites and manned spaceflight. face and tectonic outline—graphs of the Moon could be

1.2  0perations and Maneuver    outlined[9—10】  .The information can also provide ref—

    of Chang'E-1 Mission    erence for site selection of China's future soft一landing

Chang'E—1 blasted off on a Long March 3A carrier    on the Moon.

rocket at 10：05 GMT on Oct.24，2007，from the No.3    The second goal is to retrieve the abundance

launching tower at the Xichang Satellite Launch Cen—    of some key elements on lunar surface.  One set of

ter in Southwest China.    Sagnac—based interferometer spectrometer，one set of

    After launch，  Chang'E一1 lunar probe experi一 ，y一ray spectrometer and one set of X—ray spectrome—

enced  active phase  orbit，  phasing orbit，  cislunar    ter were developed and served for this purpose.These

transfer orbit and circumlunar orbit of trajectory    results could be used to obtain the distribution of ma一

（Figure l）.  It took 13 days 14 hours 19 minutes in    jor rocks and minerals，and to evaluate the amount

Chang'E—1's journey from the Earth to the Moon.    of important resource of the Moon【u一14】  .

The aight distance is 2 090 000 km.    The  third  goal  is  to measure  the  micro—

    Chang'E一1 CCD camera was nrstly powered on wave brightness temperature  （毋B）  of the  Moon.

NoV.  20，2007.  The science data from Chang'E—1    Combining with information about  lunar surface

were received by Beijing and Kunming ground sta—    properties【15—17】  ，brightness temperature data of the

tion simultaneously.The丘rst image from Chang'E—l    Moon could be used to derive thickness of lunar re—

    golith layers.Furthermore，the resource amount of
    helium一3 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[18—19】  .These data could be used

    to study the influence e矗ect of s01ar activity on the

    Earth and the Moon.One set of high—energy particle
    detector and two sets of solar wind ion detectors were

Figure 1  0perations and maneuVer of chang'E—1 probet    developed and served for this purpose.



2.2  Scientinc Instruments    Aperture of reception telescope：140 mm.
To achieVe the abovefour science goals of the mis— Focal length of reception telescope：538 mm.

sion，eight sets of scienti6c instruments were chosen Range resolution：l m.

as payloads on Chang'EPl lunar orbiter，including Ranging error：5 m.

CCD stereo camera（CCD），Sagnac—based Interfer—    Science goal：

ometer Spectrometer（IIM），Laser Altimeter（LAM）， To deriVe the chemical

Microwave Radiometer（MRM），y—Ray Spectrome— and mineral composition

ter（GRS），X—Ray Spectrometer（XRS），High—energy    of the lunar surface

Particle Detector（HPD），and Solar Wind Ion De—    Instrument  Sagnac—based interferometer spe—

tectors（SWID）.The science goals and corresponding    ctrometer.

scienti6C instruments are introduced as五Ollows【1】.    Principles  The Sagnac—based interferometer

Science goal：    speCtrometer was deVeloped tO Obtain the multi—

T0 achieve three—dimensional    spectral image of the lunar surface.Then the cOmpO—

stereoscopic image of the Moon    sition of lunar surface materials could be retrieVed.

    Instrument  Three—line array  CCD  stereo Technical indexes
camera.    Swath width：25.6 km.

    Principles  The Chang'E—1 CCD stereo cam—    Pixel spatial resolution  （sub—satellite point）：

era was designed to get 3 planar images正or the    200 m.

same object from three difEerent view angles（forward，    Imaging region：700N一700S.

nadir and backward），which made it possible to get    Spectral range：480—960 nm-

DEM data and orthophoto image data of the global    Optical channel：32.
    Pixel numbers：256  ×256
lu nar surface.

    Technical indexes    （after 2  ×2 pixels combination）.
    Spectral range：500—750 nm.    S/N：≥100.
    Optical channel：1.    Instrument  Py一ray spectrometer.
    Swath width：60 km.    Principles  In order to retrieVe abundances of

    Base—height ratio：≥  0.6.    major elements on the lunar surface，the 7y—ray spec—

    Imaging region：700N一700S.    trometer was deVeloped to measure the  —y—ray photons

    Pixel spatial resolution（sub—satellite point）：    transmitted from the lunar surface materials.Using
    120 m.    GPS data，the abundance and distribution of some

    Instrument  Laser altimeter.    major elements could be derived.
    Principles  LaSer  pulseS were  transmitted Technical indexes

￡rom Chang'E—1 laser altimeter to the lunar surface.    CsI crystal of main detector：咖1 18  ×78  （mm）.

The range from the Orbiter to lunar surface was de—    Anticoincidence crystal：30 mm bottom—

termined by meaSuring the time delay between trans—    thiCkness，30 mm side thickness.

mission of a laser pulse and detection of the back    Energy resolution of  Py—ray spectrometer：

scattered signal from the lunar surface.The altitude    9%137Cs at 662 keV.

of the lunar surface could be calculated  from the dis—    Energy range：300—9000 keV.
    Number of energy bands：512 0r 1024.
ta n ce b etw ee n th e sp a c ec ra ft a n d th e n a d ir p o in t o f

    InStrUmen七S X—ray SpeCtrOmeter.
t h e l u n a r s u r f a c e .

    Technical indexes    Principles  The X—ray spectrometer was deVel—

    Range of distance measurement：200 km士25 km.    oped to measure the energy spectrum of fluorescence

    Footprint on the lunar surface：≤  4200 m.    X—rays transmitted from the lunar surface，which is

    Laser wavelength：1064 nm. excited by cosmic ray.
    Laser energy：150 mJ. Technical indexes
    Laser pulse width：5—7 ns.    Ef五ectiVe area of the detector：17 cm2.
    Repetition rate of laser pulse：l Hz.    Energy range：1—60 keV.



    Resolution：≤  10%  at 59.5 keV  （Hard X—ray），    Protons：  six energy level

    ≤600  eV at 5.95  keV  （soft X—ray）.    （Pl：4—8  MeV.Pz：8一l5  MeV.
    Intrinsic resolution on the lunar surface： P3：15—32 MeV.P4：32—70 MeV.

    170  km  ×170  km （for orbit altitude 200  km）. 月5：70—160  MeV.只6：160—400  MeV）.
    Energy range of solar monitor：1—10 keV.    Instrument  Solar wind ion detectors.

    Energy res01ution Of solar monitor：    Principles  The solar wind ion detectors were

    ≤   600 eV at 5.95 keV.    developed to measure the composition and distribu—

  Science goal：     tion of low—energy solar wind ions near the Moon.

  TO retrieVe phySical properties and    The characteristic parameters of quiet solar wind and

  thickness of lunar regolith layers    high speed solar wind could be retrieved.
    Instrumen七  Microwave radiometer. Technical indexes

    Principles  The microwaVe radiometer was de—    Energy range：0.05—20 keV.

  Veloped to measure the microwaVe brightness temper—    Number of energy bands：48.

  ature of the lunar surface.  The physical properties Velocity of solar wind：150—2000 km/s.

  and thickness of lunar regolith layer could be derived    Instantaneous 6eld of view：6.70  ×1800.

  from.Furthermore，we can estimate quantity and    Acceptance angle：6.70  ×150.
  distribution of helium一3 resource on the Moon.

    Technical indexes    3  Science Data of Chang'E-1 M ission

    Frequency channels：3.0（士 1%）  GHz，

    7.8（士 1%）  GHz，19.35  （士 1%）  GHz，    During its 495 days'  life—span，eight sets of scien—
    and 37（士 1%）   GHz.    ti6c instruments aboard Chang'E—1 probe transmit—

    Integration time：200（士15%）  ms.    ted l400 Gigabytes（GB）  raw data to the ground sta—
    Brightness temperature sensitivity：≤  0.5 K.    tion.  GSDSA has processed and produced about

    Linearity：≥   0.99.    4000 GB science data at diferent levels（Table l）.
  Science goal：     The de6nitions of data at dif五erent level data are

  To probe the space    shown in Table 2.  The level 2 and level 3 science
  environment near the Moon    data have been released to Chinese science communi—

    InstrumeⅡt  High—energy particle detector.    ties since 2008.

    Principles  The high—energy particle detector

  was deVeloped to measure the energy spectrum and    4  Primary Science Results of

  flux of heaVy ions and protons near the Moon.    Chang'E一1 M ission
    Technical indexes

    Electrons：two energy level    Primary science results，  which were deriVed from

    （El：≥0.095 MeV.E2：≥2.2 MeV）.    Chang'E—1 data are concluded as follows.

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

  data amount/MB  CCD    ⅡM    LAM    GRS    XRS    MRM    HPD    SWID Total
  Raw data    1389  641

  0 level    433  730    692  464    5  766    72  788    45  792    30  272    1 524    97  794    1380130
  1 level    30  696    201385    9  845    22188    19  524    17  206    3  459    30  734    335  037
  2 level 78  029    560  332    926    37  318    56005    1334    6  335 79  370    819649
  3 level    3  500    2.39    42    108    7  623    11 273

  Total    545  955    1454181    16  537    132  336    121321 48  812    11426  215  521  3  935 730

    Global    cover 84%    9 120 000    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
    700N  t0 700S
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    L ，    、 ，    一    、  ，    一    一

  1    .    1  1    p  1    1，    1    .    ⋯ ，、1    ’一  _    nTl    P  ，1    1 r    一‘    J    1    1’  .  01    J'
eleVatlOn rnOdel OI tne M OOn （1erlV（、（l tronl U JlaIlg E—l    JU nlapS 0t tne ”\10011. L儿aIn（！t（、r aIl（1 nlStrlr）1lt1011
    、 J    l

T  ̂1 r  1    1    '    p    1.    01    J'    P 1'    1    '    1
L A f\l data.    denSltV OI CraterS.diHtr1 1）Un（）Il OI llIlCar ann ClrCUlar

    /y、厂1'    l T    一一    一⋯、一    1  1    ⋯ 、r、r、    .1    1    ‘    一1    ’⋯    1    1
    lb J 3lnceNoV.  2U.2UU，  to July  lj ZUU苓：tne    structures are analyzlng.lnc1sc nlaps wl儿【）c rpleasen
，1一T、    ⋯ ’    1  1    1  1    P    .    01    p
LrU j CaIIlCra SUCCeSSn¨lV m aDDC（11 tIle Wnole SUrIaCe    ln tnC Ilear fUtUrC.
    _    l l

    P  J 1    1 f    '    1    1，    1    1    1    J1    ，、⋯、1
0I tnC M 0011， lIlClU（1111g tllC DOlar areaS， Wnere tne    yU N

    一    ‘    1— 12    9U。  S    u一 n̈H，̈“
of sonle imDortaut lunar geologic units.Tlle fn110w一 ■-■___ll●●睇豁奠  一 二■_——
    ‘ — —     一91 78—75（   ）   （   ）一S（   ）   00  —2500  （）     25（）0  5000  75（】0    1  （）629（111）

1Ilg ls a扎JⅡlap ot a CrateI'wltn typlc‘al  （‘eIltr剐p（、aK
/一. ，、\for、]    一.    J r——11 1  1    —1—    P  .1    1 r    1  ·    1    r
f卜1{】11rP h 1【一u J.    rl匹1lre4 IjlObal LJ.巳”Vl  OI  Ene  ⅣlOOn  （1erlVe（l n’（）lll
、  一    ， ‘———

    ChaIlgl  E—l LAM data.

  鹁黪    ，—，  —

    Figure 5  Global irnage nlaD of the Moon of CLEP.
    L—_— L— —— I_

    J一    一'    .    1    1⋯    1一    .JI

    LJ
    TTl r'    n  _    _.    rl r    1
Figurc 6  3D map of a crater with tvDical central peak    儿”Ⅵl1 Ylag（、s，rCnCCtanCe prOpCrtles ot！\10011.wcre Us【！rI
    ‘— ——    U I    I

    1    _    1    1    '    1    1    '    1    0.o    P
r.n-“曲1  ⅣNn11什intl iq 5nn rn l    t（）（1（！rlV【、tnC CflClIllCal and Inlrleral CO】IlDOSl  tlOn  （）I



    门.    ，  r⋯、.门⋯  ⋯—.P    l hrOUghOUt nOrmal SOlar COndit.iOnS，Uhang E一上
    L nanP：7  E。一l JlM L！lem entlne U V V lS —    ’    u

    （a）    （b） 。    +
    J1    1  J    1 1 1    1 J    1  J    .    1    1    P l f

    tneSe CLata COUlCi be USed tO deteCt abUndanCe ot”Vlg、，
一·    一  一 一  1    1    n 1    1    n    .    1    ，r    1̂    1一..    .1    p̂ n̂ ^九九一1    q    ⋯    1。
-lgure，  P eU abundance ot the lunar surtace in the M are    A l and Si in the area ot 3 UUU UUU km 二Ot the ”V100n.

，1..    ⋯    1    1  1    一一一    n  ， 厂11    'T1 1  TTl r    l  J  l nJrH    P I1
Urlslum .  （a）   lm age data was sam plcd at 75了   nm of the    U nang 7E一上 ll”Ⅵ COm plete（1 84。“o COvCrage Ot the
    、 ， 。— ，    一    一    ‘    一

_̂～    1_    ̂～1    .一 一  ⋯ ’  ⋯ t    '    '    n  1    1    r    1    _ -_nnn    1  一九n、T    ̂    ’    p
2185 0rbit of Chang'  E一1 IIM ：（b）   Iron abundance of the    lunar surtaCe between  /UuS and ，Uu”N.A.serles ot
    -— 。—    '    t

1    P    ，    1    1， ，叫..    1  r0    1    1    1  1    1    1    1    1    1  J    1    .    0    1
lUnar SUriaCe in the M are UriSiUm ，lett COjor m ap WaS de—     m O（1elS naVe been deVe10ped to eValUate lron abUn一    ▲    l

  1    1 p    一1    .  一.TTl r  1    1  ·  1    ，    1    P ，、1    J'    T Tl rl rTn  ’    TT T    1
rlved trOm Uhang 7  E—l ll”Ⅵ   data，and right COlOr m ap waS    danCe trom Ulem entm e  U V Vl3 lm ageS. W e haVe
    一     一    l    ～

1    '    1 p r、1    .    t⋯ TtT一   1    1    1    1    1’     0    1    ⋯     J Tl，、     1
derived frOm Clementine U V VlS data.    deVe10ped prellm lnarV algOrlthm S to m aD 上teU and
    ‘    ‘    U    L t—，    l

    一‘n    1    1    r 广11    '  Tl    TTl r. ，1
    上lU 2 abUndanCeS trOm U hang'  E一上  Il”Vl lm ageS.LjOm 一
    ‘— ——    一    一

1    r    ，T1.    一、     .    ⋯     1.    1    ⋯     1    1    p    1    1    ·     1    '    1
lUnar SUrtaCC 【—F lgUre rJ.’   ‘y-ray SpeCtrOmeter and  X一    blned Wlth abUndanCe Ot SOme keV elem entS deriVed
    、  一    ，  r    U  I    U

    J    I    1  _    1    1    '    1    1    P r1一r1    、rn r1  1    -1    1.    。1    .‘    p T rT、一一一
ray SpeCtrOIneter data Were USed t.0 derlVe the abUn—     trom U—上t3 and X“.S data，the diStribUtion Ot K ±气EEP
    V     一

  1    p    1    1    .    一1    '    1    1    1    1    1    '    1    1    ～    1
CianCe oI Some keV elem entS.  lheSe lnStrUmentS Were    rOCkS，baSalt and plaglOClaSe Can be OUtllned.
    V    ，    l  一

  ⋯    .  1 1    1    1·1 1    1f911    1    “00]    .1    jn rn1    1一    J.    1—1·1
Callbrate（1 by OUr lUnar hlghland卜÷1 and m arel二厶o Soil    4.3    上nerm al 上JropertleS and ‘上‘nlCkneSS
    U    一    ‘

  0    1    J rlT    一    1.J 1    T
SlmUlantS.    Ot LUnar 上tegoJltn LayerS
    一 .，

    T T.    .    ‘    1  1    r  1    J  1    1    1     ̂   J    r P    1    ⋯ .    一    1.    .    ⋯ 一1 f、
    U Sm g lnverSlOn m odel OI elem ental abUndanCeS A Set Ot tOUr Channel JVnCrow ave J乇ad10m eter I”V1上 Vl】
    ～ — ，

    1 1    T    ，̂九nn、    -1    1  1    1    1    1    1    1  1 厂11 ”厂、1    1'  1    1    1    -n九广、TT
propOSed by LaW renCe 【ZUUU），the glObal abUndanCe    waS boarded on Uhang 7  E一1.wnlCh WOrked at 3.U U Hz，
‘—_ 二—‘    、    、    ， ，    一    一

    r    1'    J.    1    ⋯ T，    1—1  1    1 1    一n，⋯    1 n nrr—1    1 n一，—1 T    T T    j r11
m apS Ot radlOaCtlVe elem entS U ，K and  ‘上‘h had been ，.苓 b H Z， 19.5b U H Z and J ，U 上—1Z. U p tO nOW ， U na一
    .— l j— L

    ·    1，T]’    n    1 T1.    n、    .T]1 1，r—nl f.  J1 r1  ⋯    J  P    t    .
aCqUlred l上—lgUre 石  and 上—lgUre ¨ 】.    ng'E—l  ”Vl上t”Vl lS the nrSt attem pt Ot paSSlVe m lCrOW aVe
    ‘    、  一    一    ，    一    ^    ^

Uranlum abundanCe  （“g/曲  l700W    1400W    1 l俨W 800W 500W 200  W 00 2（尸E 5俨E  踟PE    1 107E    l400E    17（尸E

■—2.72907.3.83878    1703  W  l409W  1  100  W 80.  W 5（户W 2俨W 0‘.  20.E 5《rE Rf】PF    l  l（rF    l4nJ.  F    l70.F
    ’ 一 .— —— I— ——  - _ ⋯

    T]‘    n ，11  1    1    r    0    1    1    /    0    1 0    _n    Fn  n    l    .    1    1 1    .    1  \
    F lgure百 LJlobal m ap oI uranlum abundance （a pixel is 5“  x  b.  ±or longitude and latitude）.



  postassium abundance  （“g 7g）  1  703W  140。W  l10。W 806W 50。W 20。W 03 2妒E 5妒E 8r盱3E    l  lO'E    14盯3E    l  703E

  1 2579.41  7  .3216540
    17仃，W  14Cy，、V  l  】OoW 8泸  W 503W 203W 00  珊 E 500  E 800E    l  l03E    140，  E  1700  E

    Figure 9  Global map of Potassiulrl abuIldance（a pixel is 5.  ×5.  for longitude alld latitude）.

remote  }，cnsor in all lunar orbitcrs.It had completed    ture and thickness of rcgolith layer.could be resolved

eight tillles coverage to measllre thc microwavc ra（1i—    by brightness tempcraturc simulation for the layered

ation of the、I0011.Thc spatial resolution.tempera—    mediluns.

ture scnsitivity.aud coverag（、of Cllang'  E一1  's bright—    I11 the fllture.other factors that woulcl contributc

11css tcmperaturc、  （丁B）  data sets are lllLlch bettcr    to brightnesj，temperature of thelIoon.sucll as sllr—

thall any other groun（1一bascd obscrvation by radio    face roughn（、ss.volumc scattcring e矸ccts profluccd by

obscrvatori（，；[23—26].    Sincc thc wavelcngth of lIli—    rock l）locks in th（j regolith.1.U'ere（l structure of l㈦ ar

crowa、7e is  much longor than visible baud.microwavc    reg01ith.should lJc cousiderctd.  、IicrowaVe ra（1iation

raciiation can pem、trate the loosc luna，r surface ma—    transfer model of thelIoon wil1 1）c improVcd an【l re—
terials from about a few ccntinlctcrs to sevcral t（、ns    矗ned.

of mcters.Thus.thermal properti（、s of regolitll layers    Daytime aIld nighttinle brightncss teml）erature

coul（l be rctriev（、fl from bI'ightlless telIlperature data    of tlle  lIooIl  at frcquency  of 3.0 GHz.  7.8 GHz.

sets[  2rj  .    19.35 GHz.37.0 GHz wcrc mappe（1（Figure 10—11）   .

    Brightness tempcrature（丁B）  of the AIooll was    Thc maps show that brightness tclnpcratur（1 in lligher

mcasurecl and calibrated by orbital two—point calibra一    1atitude  zonc  is  lowcr than  tllat  in  low latitll（1e.

tion.T  hc contribution of radio sourccs for brightness Large craters.boundaries betwcen marc and high-

temperature.which could contributc to the cold sky    land.basins ca，n bc identified clearly fromthe nlap.It

calibrating antenna of Chang？E一1  、IR！\I.were elim—    suggests that brightness tcmpcraturc is nlajor1、  con—

inated.  The data batch proccssing method was es— trolled by lllIlar topography.  Hot regi01ls arc、prc—
tablishcd.errors  、凡℃，re estimated.We also havc con—    scnted in dark mare.w11ere contains more ab㈨dant

structed microwave radiation transfer model of thc    titanium—containing mineral ilIncnitc in thc lIlare.11一

INIoon. nlenitc is highly lossy matcrial.  wllic11 can absorlj

    Thc prclimillary algorithm.which was uscd to    more microwave radiations tllan anorthite in the higll—

derive thc thcrmal properties and thickness of rc一    1and.

golitll layer from brightness temperaturc data.1la、’c    4.4  Space EnVironment Near the Moon

been proposcd.The physical model of the lunar re—    One set of Higll cnergy Particle Dctector（HPD）  and

g01itll coul（l be iclcalizecl all（l silllpli矗e【l as thrce laycr    two  ÷sets of S01ar Y、7ill（l I01l Detcctors（S、、’IDs）  are

1node、l.that isclllst la、’cr.rcgolith lay（、r an（l bedrock    onboard toCletect t11c spacc enviro㈣ （Ⅲt in the l㈨ ar

lavcr.  Tll（  corrclation between brightness telnpcra—    orbit.  Dllring its ope、ration.Chang'E一1 passecl the
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impacted on the Moon at the site of 52.360E，1.500S. quired from Chang'E-1 CCD image.This image map

The CCD camera haS mapped the 1469 km images of    covers the whole Moon at uniform spatial res01ution

the Moon surface before the crash  （Figure 14）.    of 120 m.The Chinese global image map of the Moon

    prOvides a new，highly UnifOrm and preCiSe data for

5  ConClUSion and DiScussion    lunar topographic demonstration and research.Be—

    cause the CCD data i8 based on the three—1ine CCD

Through the success of Chinese 6rst lunar explo-    stereo camera，it is possible to map 3D MOon at a very

ration project，a number of key technologies have    high resolution.After extracting the DEM data based

been brOken thrOugh，SUCh as the prOCeSSing meth—    On the three line array data by the phOtOgrammetry

ods of CCD image，procedure of global image map-  method，the l：2 500 000 global digital relief map with

making，automatic DEM generation from Chang'E-    contour interval  ≤  500 m and 100%  coverage ha8 been

1's CCD images，processing method of LAM ranging    released.Global DEM of the M00n，which are derived

data，processing method of combination of CCD imI from 9.16 million points ranging data of Chang'E—1

age and LAM data.We alSo aCqUired SOme innova—    laSer altimeter，haS been produCed.  In the geOlOgiC

tive science results in the research and application of    and geographic research，and selection of landing sites

Chang'EIl data.These results have been and will be for the lander and rover，the new images and 3D maps

presented and published in the journals，conferences，    wi11 play important roles.

and patents.    As the丘rst attempt of passive microwave remote

    The global image map of the Moon has been ac-    sen80r in all lunar orbiters，Chang'E.1 MRM has co—
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    Figure 14  Mosaic of last imagesfrom Chang'E-l before its contr01led impact.
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