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Abstract The Chang’E-1 and Chang’E-2 missions have successfully obtained a huge amount of lunar scientific

data, through the seven onboard instruments including a CCD stereo camera, a laser altimeter, an interference imag-

ing spectrometer, an X-ray spectrometer, a microwave radiometer, a high-energy particle detector and a solar-wind

ion detector. Most of the Chang’E data are now publicly available to the science community, and this article serves

as an official guide on how these data are classified and organized, and how they can be retrieved from
http://159.226.88.59:7779/CE1O0utENGWeb/. This article also presents the detailed specifications of various instru-
ments and gives examples of research progress made based on these instruments.
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1 Introduction

The first Chinese lunar spacecraft, Chang’E-1
(CE-1), was successfully launched from the Xichang
Satellite Launch Center on October 24, 2007. On No-
vember 20, the Ground and Research Application
System (GRAS) of China’s Lunar Exploration Pro-
gram (CLEP) received the first lunar image from
CE-1. By October 24, 2008, CE-1 had completed the
main scientific objectives within its one-year expected
life time. On March 1, 2009, CE-1 landed at (coordi-
nate) on the lunar surface within the region of Mare
Foecunditatis. Following its precursor, a second lunar
spacecraft, Chang’E-2 (CE-2), was launched on Oc-
tober 1, 2010, with similar but improved instrument
configurations. One of the major goals of the CE-2
primary mission phase is to obtain high-resolution
images of several selected regions including the north
and south poles as well as the Sinus Iridum, those im-
ages were officially issued on February 6, 2012. Per-
forming the verification task to probe the space envi-
ronment and conducting technological tests such as
long-distance monitoring and communication, the
CE-2 satellite on June 1, 2012 departed point L2 to-
ward the asteroid is expected next year will be with
the asteroid at close range intersection.

By September 15, 2011, GRAS had acquired
~4.8 TB data and generated data products at various
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levels optimized for different research purposes. In
order to effectively manage the CE data and facilitate
the acquisition and use of these data, the GRAS has
developed a specific data-archiving system and a cor-
responding data storage and release platform. In this
study, we provide here an official guide on the func-
tionality of such a platform.

2 Classification and definition of the data
2.1 Instrumentation and data classification

CE-1 carried 8 sets of instruments: a CCD stereo
camera (CCD), an interference imaging spectrometer
(IIM), a laser altimeter (LAM), a gamma-ray spec-
trometer (GRS), an X-ray spectrometer (XRS), a mi-
crowave radiometer (MRM), a high-energy particle
detector (HPD) and a solar wind ion detector (SWID).
CE-2 carried the same instruments except IIM as
CE-1 with improved performances. The details of
these instruments are listed in Table 1, which also in-
cludes the corresponding scientific objectives for each
set of instruments.

The lunar data obtained by CE-1 and CE-2 can
be divided into three major categories: scientific, en-
gineering, and ancillary data. The scientific data are
further classified, based on the source instruments, as
CCD, IIM, LAM, MRM, GRS, XRS, HPD and SWID,
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respectively. The engineering data contain telemetry
information, ephemeris information, the engineering
parameters for data transmission, etc. Finally, the an-
cillary data include information on the spacecraft orbit
and orientation, instrument calibration, data quality,
report files and description files.

2.2 Definition of data levels

Scientific data are stored in high-capacity on-
board memory in the form of data source packages,
received by the GRAS in either playback or real-time
mode, and then pre-processed to generate data prod-
ucts in various formats. Depending on how they are
acquired and pre-processed, the Chang’E data are
categorized into five levels including the raw data and
levels 0, 1, 2 and 3 data, as detailed in Table 2. The
raw data include both bit stream and framing data. The
level 0 data are further divided into levels OA and 0B.
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The definitions for the levels 0A, 0B and 1 data are
common to all instruments, but those for the levels 2
and 3 data may vary among the different instruments
involved.

The CCD level 2 data are divided into levels 2A,
2B, and 2C. As compared to the level 1 data, the level
2A data have been corrected for dark current, relative
radiometric calibration and normalization. The level
2B data are obtained through geometric positioning
mainly based on the orbit and orientation information
at the time when the imaging data are acquired, as
well as the geometric and installation parameters for
the CCD camera. The level 2C data are generated with
photometric calibration. The level 3 data do not con-
tain any sub-level and refer to the imaging data for a
specific region on the lunar surface constructed from
the level 2C data from individual orbits, through re-
sampling, projection, geometric registration, global
mosaic, subdivision and cropping.

Table 1 Summary of exploration instruments and functions

Mission Payload Scientific objective
To acquire 3-dimensional mapping of the lunar surface at a spatial resolution of
CE-1, CE-2 CCD stereo camera (CCD) 120 meters (CE1) and 10 meters (CE2) for morphological and tectonic
analyses, as well as for identifying potential landing sites
To obtain the digital elevation model (DEM) of the entire lunar surface at a
CE-1, CE-2 Laser altimeter (LAM) 7 km spatial resolution, which also helps to improve the positioning
of the CCD imaging data
CE-1 Interference imaging spectrome- To obtain the spectral information of the lunar surface in the 0.5-1 um wave-
ter (IIM) length range for analyzing the composition of the surface materials
To obtain the y-ray spectrum in the 0.3-9 MeV energy range of the lunar sur-
CE-1, CE-2 Gamma-ray spectrometer(GRS) face materials to estimate the distribution of heavy elements such
as U, Th, K, Fe and Ti
To obtain the X-ray spectra in the 1-10 keV energy range of the lunar surface
CE-1, CE-2 X-ray spectrometer (XRS) materials to estimate the distribution of heavy elements such as Mg,
Al and Si
. . To obtain the lunar brightness temperature at different frequencies, to estimate
CE-1, CE-2 Microwave radiometer(MRM) the thickness of theltg lunar regolri)th and to evaluate the l?mar ’He content
CE-1. CE-2 High-energy particle detector To obtain the spectra of high energy particles to investigate the spatial and
’ (HPD) temporal variability of the near-Moon plasma environment
L To probe the near-Moon space plasma environment by measuring the ener;
CE-1, CE-2 Solar wind ion detector(SWID) " spectra of prot(?ns ar?d ions between 40 eVyand 20 ke\% ®
Table 2 Definition of the data levels
Data level Data description Remark
Raw data Downlink data stream, demodulated and bit synchronized Playback transmission
Downlink data stream, demodulated, bit and frame synchronized,
Frame data descrambled, Reed-Solomon (RS) decoded, in the form of Real-time transmission
data frame sequence
Level 0A Payload data source packages o;SISIiIr\l/Igdata frames after channel proc- Data sorted out by payload
Based on leivel- 0A data, but with further ordering, optimal splicing, Splicing the data acquired at the Miyun and
Level 0B dereplication, source package header removal, to generate R .
data blocks for specific science payloads Kunming stations
P pay
Based on level 0B data, but with the raw measurements converted to
Level 1 useful physical quantities, framed by orbit, and with the relevant
auxiliary files, quality files and description files generated Details of the data reformatting and data
Based on level 1 data, further processed with radiometric calibration, correction are payload specific
Level 2 approximate geometric correction, photometric calibration, etc.,
usually divided into levels 2A, 2B and 2C
Data products appropriate for direct science
Level 3 Based on level 2 data, with further processing application, such as the imaging products

with accurate geometric correction
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The LAM level 2 data are divided into levels 2A
and 2B. The level 2A altimetric data have been cali-
brated with the modification coefficients obtained
through ground-based verification tests. The level 2B
data have been further geometrically corrected, and
they contain the solutions to the geodetic coordinates
and elevations for each footprint point. The level 3
data are not further divided and are referred to as the
digital elevation model (DEM) data on a global regu-
lar grid obtained from the filtering and interpolation of
the level 2B data.

The IIM level 2 data are divided into 2A, 2B, and
2C levels. The level 2A data are obtained by correct-
ing level 1 data with a spectral radiance method.
Briefly, with the appropriate calibration coefficients
based on the level 1 data, the dimensionless spectral
data are converted into absolute spectral irradiances.
The level 2B data are derived from level 2A data after
correction for geometric distortion due to the orbit,
orientation and the instruments themselves. The level
2C data are the results of further photometric calibra-
tion based on the level 2B data. The Level 3 data refer
to the final multi-spectral imaging products with fur-
ther geometric correction, global mosaic and framing
based on the level 2C data.

The GRS Level 2 data are also divided into levels
2A, 2B, and 2C. The level 2A data are constructed
from the level 1 X-ray spectra with energy calibration,
as well as gain-and-dead-time correction. The level 2B
data are the results of further processing of spatial
information and provide the geographic coordinates of
the observing point and relevant geometric informa-
tion such as the instrument configuration. The level
2C data are obtained by calibrating the level 2B data
to a common spacecraft altitude, with the spectral data
normalized to the lunar surface. The level 3 data are
not further divided, and they result from the level 2
data after normalizing the incident cosmic ray fluxes
and integrating the energy spectra.

The XRS level 2 data are divided into levels 2A,
2B and 2C. Three types of the level 2A data are in-
volved, including the energy-integrated count rate
measured every 1 s, the differential spectral data
measured every 10 s, both obtained with the X-ray
solar monitor, as well as the spectral data obtained
with the X-ray lunar spectrometer. All types of the
level 2A data have been corrected for dead time, and
the spectral data (from both the solar monitor and lu-
nar monitor) have been further processed with energy
calibration. The level 2B data are the products with
geometric correction to determine the solar incidence
angle for the solar monitor data and the geographic
coordinates of the observing points (as well as other
geometric information) for the lunar monitor. The
level 2C data have been calibrated to zero solar inci-
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dence angle. The level 3 data are not divided, and re-
fer to the lunar X-ray spectra with normalized solar
incidence flux.

The MRM level 2 data are divided into levels
2A, 2B, and 2C. The level 2A data include the test of
the data validity and the calculation of the antenna
temperature. The level 2B data include additional
geometric information from the observing point, based
on the corresponding satellite attitude and orbit, the
lunar geometric parameters, as well as the antenna
pointing information. The level 2C data are brightness
temperature converted from the antenna temperature.
The level 3 data are not further divided, and refer to
the spliced and interpolated results of the MRM ob-
servations made within one month. The level 3 data
contain both the dayside and nightside brightness
temperatures covering the entire lunar surface.

The HPD level 2 data include sub-levels 2A, 2B
and 2C. The level 2A data carry out the system cali-
bration, count rate conversion and geometric factor
conversion for data products of level 1. The level 2B
data perform geometric positioning and add geocen-
tric sun-ecliptic coordinate information and moon-
fixed coordinate system information for data products
of the level 2A. Data products of level 2C carry out
the incidence angle correction for data products of
level 2B when the anisotropy of detected particles is
remarkable. According to the time range recorded,
data products of level 03 generate two product files:
the average of 10 seconds and the average of 2 min-
utes, representing one orbit observation data and one
day observation data, respectively.

The SWID level 2 data include the data of levels
2A and 2B. The level 2A data contain the results from
various corrections of the level 1 data, such as sys-
tematic correction, count rate conversion and geomet-
ric factor energy conversion. To get the level 2B data,
the level 2A data are further processed with geometric
correction and addition of Geocentric Solar Ecliptic
(GSE) coordinates and the Selenocentric Geographic
(SCQ) coordinates of the observing points. The level 3
data are divided into levels 3A and 3B, both giving the
calculated values of the velocity, temperature and ion
count density of the solar wind (SW) ions. The differ-
ence between the 3A and 3B data is that the former is
averaged over 10 seconds and the latter is averaged
over 2 minutes.

2.3 Data sources and application results
2.3.1 CCD stereo camera
The CCD stereo camera of CE-1 is a large array

push-broom camera with 1024x1024 resolution. It can
read rows 11, 512 and 1013 perpendicular to the di-
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rection of flight as the image array of the forward
view, backward view and nadir view, respectively. The
pixel number of linear array of each row is 512 col-
umns, and the view angular difference among the
views is 16.7 (Li Chunlai et al., 2010a). The CE-2
mission requires that the CCD stereo camera should
have a resolution higher than 10 m (100 km above the
lunar surface) and higher than 1.5 m (1.5 km above
the lunar surface); meanwhile, stereo reconstruction
requires a two-dimensional image with at least two
view angles. The CCD stereo camera carried by CE-2
is designed to be an instant imaging system with a
field angle of 42°, with the time-delay integral device
TDI-CCD used. The camera has front and back views,
with the angle between the two visual axes being
25.2°, which meets the stereo image reconstruction
requirements for the base-height ratio higher than or
equal to 0.45. When the sun altitude angle is larger
than or equal to 5°, its stereo imaging capability still
works (Wu Weiren et al., 2010). Their basic perform-
ance indices are listed in Table 3.
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The CCD stereo camera of CE-1 obtained images
within 70 degrees north latitude and 70 degrees south
latitude of 508 orbits and polar region of 589 orbits
and achieved 100% coverage of the lunar surface. The
ground application system made the most complete
image of the moon surface in terms of the image data
of CE-1 (Ouyang Ziyuan et al., 2010; Li Chunlai et
al., 2010a). The CCD camera of CE-2 completed all
exploration missions by imaging with high resolution
the entire moon with 7 m resolution on 100 km orbit,
and the alternative landing area of CE-3 mission at the
orbit height of 100x15 km (Fig. 1). During the life-
time of CE-2 between October 1, 2010 and May 20,
2011, the CCD camera obtained image data of 607
orbits. The 7 m resolution image of the entire moon
made by the ground application system using the im-
age data of CE-2 is the highest resolution image of the
entire moon issued in the world up to now (see Fig. 2,
and more detailed pictures in Li Chunlai et al., 2012),
which provides more detailed scientific exploration
data for scientific research on the moon and space.

Table 3 Basic performance indices of the CCD stereo camera carried by CE-1 and CE-2

Name CE-1 index CE-2 index
Spectral range 0.5-0.75 pm 450-520 nm
Number of optical channels 1 1
Quantification grade 8 bit 8 bit
Imaging width L=60 km L=43 km (100 km); L=6.45 km (15 km)
Base-height ratio >0.6 >0.45
Imagi 75 degrees north latitude to 75 degrees south latitude (light Entire moon (light angle is larger
maging area o o
angle larger than 15°) than 5°)

Pixel spatial resolution (subsatellite point) 120 m

7 m (100 km); 1.05 m (1 km)

Note: Developed by Xi’an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences.

This anaglyph image is the fusion result of Digital Orthophoto Map (DOM) and Digital Elevation Model (DEM)
of the Moon, both of which were obtained by %hang’E-l. Sinus Iridum (about 236 km in diameter) is located in
the northwest of the lunar nearside with a center coordinate 44°06'N, 31°30'W. To watch this image, the viewer
should wear the red-cyan glasses, with the red one over left eye and the cyan one over right eye.

Fig. 1. Anaglyph image of Sinus Iridum.

National Astronomical Observatories
Chinese Academy of Sciences

Ground Reserch and Application System

Chine Lunar Exploration Program
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Far side

90°S

Scale The high resolution image of the entire moon from CE-2 is made by mosaic of image data of 384 orbits after radio, metric

0 250 500 km
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calibration, geometric correction and photometric calibration, and the data is from CCD stereocamera of CE-2probe: the
resolution is 7m; the image data was obtained from November 1, 2010 to May 20, 2011, covering the entire moon; the left

of the image is the front view; the right side is back review; both the images use orthographic projection.

Fig. 2. High resolution image of the entire moon from Chang’E-2.

2.3.2 Laser altimeter

The core of the laser altimeter is the laser rang-
ing. It emits a high-energy short-pulse laser beam and
receives the reflected laser signals from the lunar sur-
face. It then calculates the distance from the satellite
to the lunar surface by measuring the round-trip time.
The total synchronizing pulse cycle of the laser al-
timeter carried by the CE-1 mission is 1 second,
which means that one laser ranging data is provided
per second. In order to improve the spatial resolution
of the elevation measurement of the lunar surface, the
CE-2 mission improves the laser altimeter by extend-
ing the maximum repetition frequency from 1 to 5 Hz,
as shown in Table 4.

The laser altimeter of CE-1 collected approxi-
mately 9.12 million altimetry data of lunar surface, the
most altimeter sampling data in the world at present
(Li Chunlai et al., 2010b). The obtained 3-km resolu-
tion digital elevation model (DEM) is most accurate
and has the highest resolution at present (see Fig. 3).
The lunar gravity field and topographic features are
analyzed and studied by using laser altimeter data of
CE-1 (e.g. Yan Jianguo et al., 2008; Liang Qing et al.,
2009). The laser altimeter of CE-2 only obtained a
small amount of scientific exploration data due to the
instrument failure.

2.3.3 Interference imaging spectrometer

The interference imaging spectrometer carried by
CE-1 used the program of Sagnac interference imag-
ing spectrometer of the push broom type based on the
planar array. It is the first time that the interference
spectral imaging technology was used in deep space

exploration in the world. The Sagnac-type spatial
modulation interference imaging spectrometer is a
two-step imaging system. Briefly, a slit is located on
both the front lens focal plane and object focal plane
of the Fourier lens. The Fourier lens emits a parallel
light that is focused in one direction by a cylindrical
optical system. Compared with the conventional dis-
persive imaging spectrometer, the interference imag-
ing spectrometer has the advantages of high energy
efficiency, super continuous sampling, small volume
of data, high spatial stability and spectra not influ-
enced by the satellite attitude. The basic indices of
CE-1 are listed in Table 5. The CE-2 mission did not
carry this load.

The interference imaging spectrometer of CE-1
obtained valid exploration data of 706 orbits, covering
the lunar surface area between 70°N—70°S of the moon
(equivalent to 79% of the entire moon). The imaging
spectroscopic data have a spatial resolution of 200 m
and a spectral resolution from 7.6 to 29 nm within the
spectral range of 480-960 nm. The spectral distribu-
tion graph of 32 spectral bands of the lunar surface
coverage was obtained; the number of spectral bands
of imaging spectral data of CE-1 is larger than that of
the Clementine UVVIS spectrometer (5 spectral
bands) and the spectral resolution is higher (Ouyang
Ziyuan et al., 2010; Zhao Baochang et al., 2010). The
data of the interference imaging spectrometer of CE-1
are used to investigate the composition of lunar sur-
face elements and minerals (Figs. 4-6) (Ling Zong-
cheng et al., 2011a, b).

2.3.4 Gamma-ray spectrometer

The gamma-ray spectrometer is used to deter-
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mine the type and content of elements by detecting the
energy and flux of gamma-ray, and to analyze the en-
riched region and distribution characteristics of vari-
ous elements and materials. In the CE-1 mission, the

main crystal used in the detector of the gamma-ray The basic indices are listed in Table 6.

Table 4 Basic performance indices of laser altimeter carried by CE-1 and CE-2

Name CE-1 index CE-2 index
Distance measurement range (200+25) km 10-125 km
Size of lunar surface footprints Less than ¢200 m Less than 60 m (100 km orbit height)
Laser wavelength 1064 nm 1064 nm

Laser energy 150 mJ 75 mJ
Pulse width 5-7ns <7 ns

Laser repetition rate 1 Hz 1 Hz, 5 Hz
Range resolution Im <I'm
Range error Sm <5m

Note: Developed by Shanghai Institute of Technical Physics, Chinese Academy of Sciences.

-9178 -7500 -5000

0 2500 5000 7500 10629

Fig. 3. DEM made by using altimetry data from the laser altimeter of CE-1.

Clementine UVVIS

Fig. 4. Distribution map of TiO; in the lunar Mare Crisium region.

spectrometer is Csl crystal. In order to improve the
exploration accuracy of the lunar surface elements, the
main crystal in the gamma-ray spectrometer carried by
CE-2 is replaced with the more highly efficient LaBr3.
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Clementine UVVIS

Fig. 5. Distribution map of pyroxene in the lunar Mare Crisium region.

Chang’E-1 IIM

Clementine UVVIS

Fig. 6. Distribution map of FeO in the lunar Mare Crisium region.

Table 5 Basic performance indices of the interfer-
ence imaging spectrometer carried by CE-1

Name CE-1 index

Width 25.6 km
Imaging region 70°S—70°N
Spectral range 0.48-0.96 pm

Number of spectral 32 Spectral bands

channels
. 256%256 (2x2 after combination of
Pixel number .
pixels)
S/N >100

Note: Developed by Xi’an Institute of Optics and Precision Mechanics,

Chinese Academy of Sciences.

Table 6 Basic performance indices of the gamma-ray
spectrometer carried by CE-1 and CE-2
Name CE-1 index CE-2 index
@118x78 mm @102%65 mm

Bottom thickness: 30 Bottom thickness:
mm, side thickness: 30 mm, side thick-

Main detector crystal

Anti-coincidence

crystal 30 mm ness: 30 mm
Instrument energy 9% 7Cs@662 keV 4% 'Cs@662 keV
resolution
Exploration energy 300 keV-9 MeV 300 keV-9 MeV
range
Number of energy

. 512 or 1024 512
exploration channels

Note: Developed by Purple Mountain Observatory, Chinese Academy of

Sciences.

The gamma-ray spectrometer of CE-1 obtained
the exploration data of 1103 orbits within an accumu-
lated time of about 2105 hours revolving around the
moon. Due to the limit of signal integration time, only
the distribution and content of U, Th and K on the
entire moon was extracted (Figs. 7—9); for Mg, Al, Si
and Fe, Ti and other elements, only the regional con-
tent and distribution data could be extracted (Zhang
Liyan et al., 2011; Zou Yongliao et al., 2011). The
gamma-ray spectrometer of CE-2 obtained the explo-
ration data of 2414 orbits, within a valid revolving
duration of about 4682 hours. At present, the valid
exploration data of 4682 hours are being analyzed and
interpreted.

2.3.5 X-ray spectrometer

The scientific target of the X-ray spectrometer is
to detect the fluorescence X-ray produced by Mg, Al
or Si on the lunar surface due to the excitation of solar
X-ray or cosmic ray. The contents and distributions of
these elements on the lunar surface can then be ob-
tained through data processing (Wang Huanyu et al.,
2008). The performance and reliability of the X-ray
spectrometer of CE-2 are improved from CE-1 by
adding tens of grams of on-orbit calibration source.
The detector on CE-2 uses semiconductor detection
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technology with low-power consumption and high-
resolution features. Their basic performance indices

are listed in Table 7.

Table 7 Basic performance indices of the X-ray spec-
trometers carried by CE-1 and CE-2

Name CE-1 index CE-2 index
Detect effective 17 em? 17 em?
area
Exploration energy 1-10keV (soft
resion 1-60 keV X-ray), 25-60 keV
g (hard X-ray)
<10%@59.5 keV <10%@59.5 keV
. (hard X-ray) (hard X-ray)
Resolution <600 V@595 keV <300 eV@5.95 keV
(soft X-ray) (soft X-ray)

Intrinsic resolution

170 km x 170 km (as
the orbital altitude is

59 km x 238 km (as
the orbital altitude is

of lunar surface

200 km) 100 km)
Exploration energy
region by the sun 1-10 keV 1-10 keV
monitor
Sun MOMIOTIESOT <600 eV@S95keV <300 V@595 keV

Note: Developed by the Institute of High Energy Physics, Chinese Academy

of Sciences.

The X-ray spectrometer of CE-1 obtained valid
exploration data of 1761 hours. Due to the quiet solar
activity during exploration, the collected data could
only be used to make the partial content and distribu-
tion map of Mg, Al and Si. The X-ray spectrometer of
CE-2 obtained the valid exploration data of 4682
hours revolving around the moon. Throughout that
period, the time with solar X-ray flux larger than or
equal to level B1 was about 134 days, accounting for
69% of the power-on time. Since there was no sun-
shine in the polar regions and the instrument did not

30°8

60°S

180° 150°W 120°W 90°W 60°W 30°W 0°

The uranium content distribution map of the entire moon is made by means of the valid exploration data of 2015 hours obtained by

30°E 60°E 90°E 120°E 150°E
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start in part of the region, and observation for Mg, Al
and Si only covers about 65% of the entire lunar sur-
face. Observation for Ca, Fe and Ti will covers part of
the region. At present, the valid exploration data of
4682 hours are being analyzed and interpreted.

2.3.6 Microwave radiometer (MRM)

The microwave radiometer (MRM) is mainly
used for measuring the lunar regolith microwave
black-body temperature (TBB) at different depths.
Four frequency bands were set: 3.0, 7.8, 19.35 and 37
GHz. MRM used by the CE-2 mission fully inherits
the technical setup of the CE-1 mission, but the de-
crease in orbit altitude of the CE-2 mission enables
MRM to improve the exploration accuracy, accumu-
late data, and increase the lunar regolith exploration
depth. MRM is the first technology in the world to
adopt passive microwave remote sensing technology
to measure the microwave radiation of the entire
moon. Their basic performance indices are listed in
Table 8.

Table 8 Basic performance indices of MRM carried by
CE-1 and CE-2
Name CE-1, CE-2 index

Frequency (GHz) 3.0 (£1%),7.8 (£1%), 19.35 (x1%), 37 (£1%)

Integral time (ms) 100 (+15%), 200 (£15%), 500 (+£15%), 500

(£15%)
Temperature resolution <
<0.5
)
Linearity >0.99

Note: Developed by the Center for Space Science and Applied Research
(CSSAR) of the Chinese Academy of Sciences.

0.2

180° Graduation tints
(x10)

the gamma-ray spectrometer of CE-1 at a satellite altitude of 200 km, the equal-area grid division was carried out for it according to

theequatorial zone of 5°x5°(150 kmx150 km); it also integrates DEM data.

Fig. 7. Potassium content distribution map of the Chinese first lunar exploration program.
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180° 150°W 120°W 90°W 60°W 30°W 0°

The thorium content distribution map of the entire moon is made by means of the valid exploration data of 2015 hours obtained by the (x10%)
gamma-ray spectrometer of CE-1 at a satellite altitude of 200 km, the equal-area grid division was carried out for it according to thee-
quatorial zone of 5°x5°(150 kmx150 km); it also integrates DEM data.

Chin.J.Geochem.(2014)33:024-044

30°E 60°E 90°E 120°E 150°E 180 Graduation'tints

Fig. 8. Thorium content distribution map of the Chinese first lunar exploration program.
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The potassium content distribution map of the entire moon is made by means of the valid exploration data of 2105 hours obtained by Gm‘titi%g)"ms
the gamma-ray spectrometer of CE-1at a satellite altitude of 200 km, the equal-area grid division was carried out for it according to
the theequatorial zone of 5°x5°(150 kmx150 km); it also integrates DEM data.

Fig. 9. Uranium content distribution map of the Chinese first lunar exploration program.

MRM of CE-1 obtained the exploration data of
1690 orbits. The data accumulating time was about
2642 hours. The data covered the entire surface of the
moon many times (see Fig. 10). A large number of
research results about the content, distribution and
resources of “He and other gases on the lunar surface,
as well as the thickness exploration of lunar regolith
were obtained by using the data obtained from CE-1
(e.g. Wang Zhenzhan et al., 2009a, b; Chan K.L. et al.,
2010; Zhang Dehai et al., 2009; Zheng Y.C. et al.,
2012). MRM of CE-2 obtained the exploration data of
2401 orbits. The data accumulating time was about
4664 hours. The data covered the whole surface of the
moon up to 8 times. At present, the valid exploration
data are being analyzed and interpreted.

2.3.7 HPD

The main exploration objects of HPD are the
charged particles in different forms from the sun, such
as solar cosmic rays and solar particle events. Through
the analysis of charged particle flux obtained at dif-
ferent times and in different spaces, the spatial distri-
bution of particles and their motion characteristics in
space can be obtained. HPD of the CE-2 mission fully
inherits the CE-1 mission and is used to make up for
the missed earth-moon space environment exploration
data of CE-1, and further enrich the exploration data
of the space environment near the moon. Their basic
performance indices are listed in Table 9.
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Table 9 Basic performance indices of HPD carried by

CE-1 and CE-2
Name CE-1, CE-2 index
Electron Two energy channels (E1:>100 keV, E2: >2.0 MeV)
Six energy channels (P1:4-8 MeV, P2: 8-14 MeV, P3:
Proton 14-26 MeV, P4: 26-60 MeV, P5: 60-150 MeV, P6:
150-400 MeV)
H . Three energy channels (He: 13—-105 MeV, Li, Be, B:
eavy ion

34-210 MeV, >C: 117-590 MeV)
Note: Developed by the Center for Space Science and Applied Research
(CSSAR) of the Chinese Academy of Sciences.

HPD carried by CE-1 obtained the valid explora-
tion data of 1846 orbits with the accumulated time of
2868.5 hours. Preliminary analysis and comparative
research of these data have discovered some unique
physical phenomena resulting from their interaction
with the Earth’s magnetic field and the charged parti-
cles of lunar surface, which has special significance
for studying the solar radiation and its interaction with
the Earth’s magnetic field and the planet (the moon).
HPD carried by CE-2 has obtained the data of 2589
orbits.

2.3.8 SWID

The Solar Wind Ion Probe (SWID) was mounted
on both the CE-1 and CE-2 spacecrafts and was de-
signed to obtain the energy-time (E-t) spectrogram
data of solar wind (SW) protons/ions in the vicinity of
the Moon. The SWID instrument is composed of two
identical electrostatic analyzers (ESAs) (hereafter
SWID-A and SWID-B). The field-of-view (FOV) is
~4.7°%182° for SWID-A and ~5.1°x183° for SWID-
B, each of which is divided into 12 consecutive sec-
tors. The geometrical factors for different sectors are
roughly identical, ~8x10™ Sr cm’ for CE-1 and
~7x10” Sr cm2 for CE-2. During the forward-flying
phase, the FOV of SWID-A is vertical to that of
SWID-B parallel with the spacecraft velocity. During
the side-flying phase, the FOVs of the two units
switch. Each of the two SWID units is divided into 48
channels logarithmically distributed between ~0.04
and ~20 keV per charge, with a sampling time of ~2.9
sec. for a full energy scan. The details of the SWID
instrumentation have been presented in Wang X.D. et
al. (2010, 2011). Their basic performance indices are
listed in Table 10.

The traditional picture of the SW interactions
with the lunar surface is characterized by the passive
absorption of SW particles at the sub-solar side and
the creation of a lunar wake at the anti-solar side. De-
tailed features include the thermal expansion of SW
electrons into the lunar wake at the edge of the optical
shadow and the subsequent build-up of the ambipolar
electric field that drags the SW protons/ions into the
cavities (e.g. Wang X.Q. et al., 2011). With the launch
of several recent lunar satellites including CE-1 and
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CE-2, such traditional picture has been revolutionized
and new features have been discovered (see Figs.
11-13).

Table 10 Basic performance indices of SWID carried by
CE-1 and CE-2 satellites

Name CE-1, CE-2 index
Exploration energy 0.05-20 keV
Division of energy channels 48 Energy channels

Solar wind speed 150-2000 km/s
Instantaneous view field 6.7°x180°
Acceptance angle 6.7°x15°

Note: Designed and built at the Center for Space Science and Applied Re-
search (CSSAR) of the Chinese Academy of Sciences, and pre-flight cali-
bration was performed at the Institute of Research of Astrophysics and
Planetology (IRAP, former CESR).

3 Description and organization of the data

We used the NASA planetary data system (PDS)
archiving standard to store our data. The image data
stored in binary format and the tabular data stored in
ASCII format are defined and described in terms of
logical structure so that the user can use the data eas-
ily without knowing their specific information
(Hughes J.S. and Li Y.P., 1993; McMahon S.K., 1996).

3.1 Data product structure

The raw data, level OA data and level OB data
from the instruments of CE-1 and CE-2 are of binary
format; data products of levels 1, 2 and 3 are of PDS
format. Each data file consists of the data label de-
scribing the data and data objects. The data label and
objects form data products through ODL language
encapsulation. The data label describes the content
and format of the associated data products. The in-
formation of the label is used to catalog various data
products so that it can be searched directly and
uniquely from its storage address or as a part of the
search condition. The data labels use ODL language.
The data objects can be divided into two major cate-
gories: scientific data and ancillary data. The scientific
data refer to the raw data obtained by means of scien-
tific observation or measuring instrument and data
processing after calibrating and sampling, typically
including tables, images, series, spectrum, etc. The
ancillary data refer to the supporting data used for
understanding and using scientific data, such as cali-
bration file, geometric information and corresponding
algorithm, which commonly use histogram, color pal-
ette and title head to indicate. For a data product, it
has only one data label, written in front of the data
object in the form of file header and forms a file with
the data object together. The data element PROD-
UCT _ID in the label is the identity of this data prod-
uct different from other data products, and its value is
unique, as shown in Fig. 14.



34

60°N

60°S

North pole

180°

South pole

90°E

Graduate tint
W 236K

—_
. 67K
0°

Chin.J.Geochem.(2014)33:024-044

Graduate tint
242K

-
. 72K
180°

Graduate tint
™ 297K

—
. 214K
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SWID

SZA  SWIDB
BI@T)  (dgr) E/q (keV) E/q (keV)

. Spect. Shifted IMF
.?dgr)

Direct.
SSE lat.

=
S

90

Chang’E-1
SWIDs 0326
2007-12-05

dusk

tail

dawn

sun

2 T e
SWIDA SWIDB
04:35
1 04:20 1
\ NP ‘
> ]
%% 0 ke ‘ < 0
>
04:20
=) -1
\" ¥
03:55 B
> et ST 2
0 1 20 1 2
Xsse/R

Log10 [Differential flux<(eV.cm?s.sr)]
Directional fluxx(eV.cm?.s.sr)

1.0
0.5
0.2

1.0
0.5

0.2

90

-90

360

02:45:19

03:03

03:16

03:29

03:41  03:54

i)
04:07

04:20

04:32

04:52:28

Proton speed
(1le6 m/s)

Theta B (dgr)

Fig. 11. Acceleration of scattered solar wind protons at the polar terminator of the Moon observed by Chang’E-1/SWIDs.



Chin.J.Geochem.(2014)33:024-044

Observation geometry of SWIDB
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Fig. 13. The profiles of proton density, flow speed and temperature as a function of SCG latitude obtained from several Chang’E-2 lunar orbits

near the proton cavities.

The content of a data label is divided into seven
parts logically according to the sequence, including
label standards identifier, file characteristic data ele-
ments, data object pointers, identification data ele-
ments, descriptive data elements, data object defini-
tions and end statement, as shown in Fig. 15.

Data object definitions of the scientific data of
CE program includes table, image, image prefix, im-
age _map_projection, image map location, column,

etc. These data object definitions do not necessarily
appear in a PDS label at the same time (jet propulsion
laboratory, 2009, 2010a, b).

The file naming rules of data products of various
levels are standardized, with the format as follows:
CEx_st_yyyymmddhhmiss_ob.ext. The format of the
data products of levels 0-2 is represented as:
CEx_st pl ty dc yyyymmddhhmiss YYYYMMDD
HHMISS ob_ver.lvRwhere CEx indicates the mission
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ID, such as CE-1 and CE-2; st indicates the serial
number of receiving station, such as BMGS (Beijing
Miyun Station), YKGS (Yunnan Kunming Station),
BMYK (after optimization of both stations); pl indi-
cates the load source package names, such as CCD,
LAM, GRS-A, GRS-B, etc; ty indicates the data prod-
uct types, such as SCI (science data products), ENG
(Engineering source package data), etc.; dc is the data
time characteristics, such as R (D-channel real-time
data), P (A1 channel playback data), N (mixed data);
yyyymmddhhmiss indicates the time of the first group
of data (UTC); YYYYMMDDHHMISS indicates the
time of the last group of data (UTC); ob indicates the
number of circles of orbits corresponding to the time
of the first group of data; ver indicates the version of
the product, from A (first version) to Z (final version);
lv indicates the product level; IvR indicates whether it
is the description file. The names of all lunar explora-
tion data products use capital letters and adopt the
universal time. Naming of the data products of level 3
may vary according to different loads.

File A

PDS LABEL

DATA

Fig. 14. Data product structure.

Pos_version_id = « Label standard

idfntififr

File characteristic
Record type = ¢ File characteristic
...... data element

Pointers to data object « Data object pointer
Image = (primary secondary)

Indentification data element
Data set id
Product id

¢ Identification data
elements

Descriptive data element

Filter name = « Descriptive data
Offset mode id = elements
Data object definition
Object =Image
+ Data object

B definition
End object =Image rimary secondas
Object =Histogram (primary )
End object =Histogram
End «» End statement

Fig. 15. Logical division of the data labels.
3.2 Data set and data volume

Each instrument generates data products at vari-
ous levels according to the orbits. The data products
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are stored and organized in the form of data subset and
the data subset is stored and released in the form of
volume.

The data throughout the life cycle of an instru-
ment is defined as a data collection; the data of a level
of an instrument and the auxiliary data products de-
scribing and using these data are defined as a data set,
which is divided into several subsets according to the
month of exploration. Each data set has a unique
DATA_SET ID and DATA_SET NAME; the various
data products of the same data set share DATA
SET ID and DATA_SET NAME.

The concept of data volume is related to the ca-
pacity of physical storage media; if the capacity of the
physical storage media is larger, such as tape, then the
tape storing several data sets can be called a data
volume, as shown in Fig. 16. If the capacity of the
physical storage media is smaller, such as CD, then
storing of a data set may need several CDs. Now this
CD is also called a data volume.

A data subset can be composed of one or more
volumes and several volumes constitute a volume set,
as shown in Fig. 17.

Data set collection

l

Data set #1

Fig. 16. Example of the data volume.

@
S

Fig. 17. Example of the data volume set.

Data set #2

Volume_Set

3.3 Description of data examples

The PDS scientific data products above level 1
(including level 1) of each instrument of CE-1 and
CE-2 are divided into two major categories: image
data and tabular data. The data obtained by instru-
ments of CCD camera and I[IM are image data; the
data obtained by several other loads are tabular data.
The image data are stored in binary format, the logical
structure of which block is defined by using TABLE,
IMAGE, IMAGE_PREFIX, IMAGE MAP_PROJEC-
TION and other data elements in the data label 1. The
tabular data are the list data in ASCII format, with the
table structure defined with TABLE data elements.
The value of each item is recorded in the form of a
table. Due to limited space in this article, the scientific
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data products of two instruments of CCD camera and
GRS are selected as examples for the description of
data in image and table, respectively.

3.3.1 CE-1 CCD Data

The data products released by the CCD camera
of CE-1 include the data products of levels 01, 2 A,
2B, 2C and 03. A data file set is established for the
data of each level with its directory structure shown in
Fig. 18.

The data of levels 01, 2A, 2B and 2C of the CCD
stereo camera have the same data label structure and
component. All of them use IMAGE and IM-
AGE_PREFIX objects to define the pixel array of the
actual image data and other ancillary data in prefix
form (such as engineering data, check code, time la-
bel, etc.). IMAGE object defines the scope of the im-
age data and the pixel number of each row of data.
IMAGE_PREFIX object is a TABLE object in es-
sence, which defines the range of its image prefix and
the specific meaning of the physical parameters in
each column of the prefixes. Because the auxiliary
data contained in the image prefix of the data of vari-
ous levels are different, the content of IM-
AGE_PREFIX object is different. In the label of the
level 3 data, in addition to the description of the actual
image data by the IMAGE object, the IMAGE MAP _
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PROJECTION object is also used to mark the key
map projection information such as coordinate system,
central longitude and latitude and so on.

The data products of levels 01, 2A, 2B, and 2C
are generated based on orbits and the data of each or-
bit at various levels are divided into three data files:
front, middle and back view, with the file names being
indicated by CCD-F, CCD-N and CCD-B, respec-
tively. The data products of level 03 are generated by
geographical subdivision, mainly including 188 stan-
dard subdivision image data products of 120-m reso-
lution (Hughes J.S. and McMahon S.K., 1998).

Based on the requirements on data resolution and
map view, the global 50 m resolution image of the
moon was divided into 188 subdivisions according to
the longitude and latitude. The polar regions between
latitudes 84°-90° north and south are represented by
two separate images. The area within 84°N-84°S is
divided into 12 projected sub-zones at 14° interval. In
each sub-zone, from high latitudes to the equator, the
longitudes of 45°, 30°, 24°, 20° and 18° are chosen as
each longitudinal extent of each separated image,
separating the area between 84°N and 84°S into 186
subdivisions. Thus, the lunar surface is divided into
188 subdivisions in total (see Fig. 19). The global 7 m
resolution image of the moon was divided into 746
subdivisions, with each standard division being further
divided into four equivalent subdivisions.

Volume name

Data | | Document | | Geometry Calib Catalog Index Software
Raw data product  Product descrip-  Attitude, ephemeris Calibrati Cataloging Index Application
files of various tionfile file onfile information information Plug-in

levels

Fig. 18. CCD directory structure diagram.

IE  36°E  54°E 72°E 90°E  108°E 126°E  144°E  162°E  180°E

Fig. 19. Subdivision diagram of the lunar global image.
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To ensure the distortion in each subdivision is
sufficiently small, the global image of the moon is
divided into three zones: the equator-low latitude zone
between 14°S—14°N, the middle latitude zones be-
tween 84°S—14°S and 14°N—84°N, and the polar re-
gion zone between 84°-90° north and south, adoptting
Mercator projection, Lambert projection and Azi-
muthal projection, respectively. The images in the
equator-low latitude zone adopt the normal Mercator
projection with a secant of 7°, and the central merid-
ian lies in the center of the image. Images in the mid-
dle latitude zone adopt the Lambert conformal conic
projection; for each image, the central meridian is the
mean value of the longitude range, and the secant is
the mean value of the latitude range (refer to the fol-
lowing table for the projection parameters). In the po-
lar region, the polar azimuthal projection is adopted,
and the central meridian is 0°. The coding of the im-
ages is done in the direction from north to south and
from west to east. The code for each subdivision con-
tains four characters: the first indicates the altitude
direction from the north pole to the south pole by us-
ing 14 letters from A to N; the second to the fourth
characters indicate the meridian direction, starting
from West Longitude 180° and breaking up according
to the longitudinal extent scope listed in Table 11,
coded according to the natural number serials of 001,
002, 003, etc.

3.3.2 CE-2 CCD data

The data products obtained from the CCD cam-
era of CE-2 include the data products of level 01, 2C
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and 03. As the camera used 8-fold compression, the
amount of data rose dramatically after decompression.
In order to save storage space, the level 2 data only
archived the data products of level 2C; the data prod-
ucts of levels 2A and 2B are not provided. The struc-
ture and description of the data of level 01 don’t have
a big difference from those of CE-1; only the amount
of attribute information of IMAGE PREFIX object
has increased from XXX to 10 columns of attribute
information: Time, Image Type, Gamera View
Direction, Orbit Type, Frame Counts, Hp, Grade,
Gain, Dark Pixel and Quality State. The data of level
2C include a group of scientific data files (SCI) and
grid files (GEO) corresponding to each other. SCI file
contains the actual image data, and GEO file provides
grid information on the corresponding SCI file. PDS
label in the GEO file mainly includes the basic infor-
mation on data files and TABLE object definition.
Among them, the basic information on the data files
mainly contains the basic background information on
the file; table object definition mainly records 9 col-
umns of physical properties: Time, Row, Column,
Longitude, Latitude, Sun Incident angle, Sun Azimuth
Angle, Instrument Incident Angle and Instrument
Azimuth Angle. Specific examples are shown in Table
12. The row number and column number in each re-
cord refer to those of the corresponding image data, so
the determined row and column numbers correspond
to a specific pixel. The significance of each record
refers to the pixel time, latitude and longitude, inci-
dent angle, phase angle and other specific values rep-
resented by the specified row and column numbers in
the image data.

Table 11 Subdivision scope and coding of the lunar global images

Code Latitude range Longitudinal range Projection adopted Central meridian Standard parallel
AFF* 84°N-90°N 360° Polar azimuthal projection 0° 90°N
B¥** 70°N-84°N 45° 77°N
CHx** 56°N-70°N 30° 63°N
Dk 42°N-56°N 240 Lambert cqnfomal conic 49°N
projection
E** 28°N—42°N 20° 35°N
Frx* 14°N-28°N 18¢ 21°N
Grrx 0°N-14°N 18° L Mean value of the 7°N
Mercator projection .
Hr#* 0°S—14°S 18° longitude range 7°8
[r** 14°S-28°S 18° 21°S
JwE 28°S—42°S 20° 35°S
K 42°5-56°8 40 Lambert cqnfo'rmal conic 49°5
projection
L** 56°S-70°S 30° 63°S
Y 70°S-84°S 45° 77°S
NF** 84°S-90°S 360° Polar azimuthal projection 0° 90°S
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Table 12 Example of TABLE object definition in the 2C-level data grid file of CE-2 CCD

Time Row Column Longitude Latitude Sun inci- Sun azimuth ) Ipstrument I_nstrument
dence angle angle incidence angle azimuth angle
2010-1 10_2082(};(?:22:00. 733440 1 -112.8460 83.8050 85.2720 195.7640 21.7954 15.7299
ey 200 733440 768 1112997 83.8605 85.3725 1973131 20.2960 9.9832
2010-1 10-20820T3(?:22:00. 733440 1536 -109.7262 83.9112 85.4728 198.8891 19.1306 3.1485
2010-1 10-20820T3(§:22:00. 733440 2304 -108.1287 83.9572 85.5729 200.4890 18.3892 355.3971
2010-1 10;)82(;1;0;:22:00 733440 3072 -106.5083 83.9982 85.6729 202.1114 18.1389 347.1193

The 2C-level data grid file is actually partially
extracted from the Image prefix of the 2C-level data
of the CE-1 CCD camera and partially from a separate
file. The main reason is that there is little value change
in latitude and longitude, incident angle and phase
angle between adjacent pixels, thus recording all rele-
vant values of pixels does not make any sense. When
positioning accuracy is ensured, one can select some
values with certain intervals, so that not only the ef-
fective geometric positioning information can be pro-
vided, but also the file size is reduced greatly. There-
fore, the selected part of data is separated from CE-2
to form the GEO file. It can be seen from the example
of grid file that the recorded row and column numbers
are not continuous.

The level 3 data products of the CCD stereo
camera of CE-2 mainly include 188 standard subdivi-
sion image data products at 50 mx50 m resolution and
746 standard subdivision image data products at 7 m
resolution. Except for file 03, each level 3 data prod-
uct at 7 and 50 m resolution is also supported with two
files with extension name of TFW and LBL. The LBL
file gives the attribute information on the PDS header
file of the level 3 data product extracted separately, for
the convenience of readers; the TFW file is a text file
about the image coordinate information, which defines
the affine relation between the pixel coordinate and
the actual geographical coordinate.

3.3.3 GRS science data

The data products released by GRS from CE-1
and CE-2 include those of levels 01, 2 A, 2B, 2C, etc.
The data of level 01 include those of GRS-A instru-
ment and GRS-B instrument. From level 2, only the
GRS-A data are included. The GRS scientific data are
tabular data, whose specific structure is defined by
TABLE object in PDS label. Due to the difference in
processing procedures of various data, the content of
the data table structure of GRS products of different
levels is different. The data products of level 01 in-
clude 9 columns of attribute information: Time,
High voltage Level, Sampling Time, AntiConsilient
Switch, Self-Check State, Spectrum (energy channel
from 1 to 456), Spectrum (energy channel from 457 to

512), Gamma-ray Spectrometer Temperature, Quality
State. The 2A-level data products include 6 columns
of attribute information: Time, High voltage Level,
Sampling Time, AntiConsilient Switch, Spectrum (512
energy channels) and Quality State; The 2B-level data
products include 11 columns of attribute information:
Time, High Voltage Level, Sampling Time, AntiCon-
silient Switch, Longitude, Latitude, Orbit Height, In-
strument Incident Angle, Instrument Azimuth Angle,
Spectrum (512 channels), Quality State; the 2C-level
data products include 10 columns of attribute infor-
mation: Time, High Voltage Level, Sampling Time,
AntiConsilient Switch, Longitude, Latitude, Instru-
ment Incident Angle, Instrument Azimuth Angle,
Spectrum (512 channels) and Quality State; the data
products of level 03 include 8 columns of attribute
information: Record NO., Minimum Latitude, Maxi-
mum Latitude, Minimum Longitude, Maximum Lon-
gitude, Number of Accumulative Spectrum, Total Ac-
cumulative Time and 512 channels spectra. Descrip-
tion of the GRS data products of CE-1 and CE-2 is
consistent with the organizational format. The follow-
ing is an example of the 2B-level data, with the details
shown in Table 13.

3.3.4 Other instrument data

In terms of the data structure, other instruments
generally follow the same rules as CCD and GRS. The
IIM instrument data are image data and use “Image”
data object to describe. The data recorded by LAM,
XRS, MRM, HPD, SWID and other instruments are
tabular data and use “TABLE” object to describe, the
same as the GRS data. For each instrument, “TABLE”
object attributes of some instruments of the same level
may vary between CE-2 and CE-1. For example, the
level 01 data of XRS are stored as the source package
data in CE-1, namely 122 unpartitioned case data in
storage source package; however, what CE-2 stored
are the 2B-level data of individual case data after 122
case data are partitioned in the source package; some
geometric positional parameters are added for the
XRS 2B-level data of CE-2 instead of CE-1.

In terms of data types, each instrument has its
own characteristics. XRS includes three types of ex-
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ploration data: solar monitor rate meter data
(XRS-SC), solar monitor spectrum data (XRS-SE) and
lunar case data (XRS-L). MRM includes four types of
exploration data: geometric positioning auxiliary file
(MRM-A), calibration (MRM-C), moon observation
(MRM-L) and temperature data (MRM-T). SWID
includes two types of data: solar wind ion detector,
instrument A (SWIDA), and solar wind ion detector,
instrument B (SWIDB).

4 Data release

The Chang’E data are released to the general
public according to the regulation Release and Man-
agement Methods of the Scientific Data from Moon
Exploration Projects established by the Commission
of Science, Technology and Industry for National De-
fense (CSTIND). The data release involves three
stages: in-orbit test, the proprietary period and the
public release period. During the period for in-orbit
test and the proprietary period, the users must submit
to the engineering center a user application form for
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lunar science data. Upon approval, the application for
data retrieval will then be sent to the GRAS, who is
expected to provide the appropriate data within 10
working days.

4.1 Data statistics

The CE-1 spacecraft has experienced an expected
life-time of one year and an extended life-time of four
months. During the entire life time, the GRAS has
received raw data of ~1.5 TB, and the processing of
these data leads to the data products of ~3.2 TB at
various levels of various instruments. The statistics of
the CE-1 data is shown in Table 14. For CE-2, from
June 9, 2011 when it left the moon to July 5, 2012,
(six-month planned life-time and a two-month ex-
tended life-time) the GRAS has received about 3.5 TB
data, and the processing of these data leads to the data
products of ~13 TB at various levels of various in-
struments. Up to now, the CCD data of levels 1-3 have
been generated. For other instruments, the data of lev-
els 2-3 are under processing. The statistics of the CE-2
data is shown in Table 15.

Table 13 Main definitions of 11 columns of attributes in Table object of GRS 2B-level data products

Name Column Start Byte Format Unit Description
number byte
Time 1 1 24 A24 N/A Satellite time (UTC)
High voltage level 2 26 1 I N/A Primary probe state
Sampling time 3 28 1 11 Second N/A
Anticonsilient status 4 30 1 11 N/A 0-off;1-on
Longitude 5 32 9 F9.4 Degree N/A
Latitude 6 42 9 F9.4 Degree N/A
Orbit height 7 52 10 F10.6 Kilometer N/A
Instrument incident angle 8 63 9 F9.4 Degree N/A
Instrument azimuth angle 9 73 9 F9.4 Degree N/A
Spectrum with 512 channels, cali-
Spectrum 10 512 5632 F10.3 Count bration Equation: Energy = (22.14
* channel - 8.38)/Gain_Coefficient
Quality state 11 5715 8 A8 N/A

Table 14 Statistics for the scientific data of CE-1 (November 20, 2007-March 1, 2009)
Payload Total
Data level CCD M LAM GRS XRS MRM HPD SWID Unit (MB)
Raw data 1596941
Level 0 479465 803150 6820 73885 45858 36632 1812 116529 1564151
Level 01 55232 211938 2626 46777 65807 34744 3704 35141 455969
Level 02 227819 638086 2816 90428 192743 3946 19109 140608 1315555
Level 03 2861 0 0 85 0 4 302 18262 21514
Bavofthe — 2915hours c .
]00.% coverage re7g(;Odne;"lelesm 1.2'?3 Accurr!ulated Accumulated 31\::1%5: -
Data feature of the entire north latitude mlllllon datg for 88 data for 74 days moon for Accumulated data for 120 days
moon and 70 degrees cxpora ays about 9 times
south latitude tion points
Total 765377 1653174 12262 211175 304408 75326 24927 310540 4954130
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Table 15 Scientific data statistics of CE-2 (October 1, 2010—July 5, 2012)

m cCcD LAM GRS XRS MRM HPD SWID Unft"(tf/lm)
Raw data 3600475
Level 0 4801787 812 123075 38539 44484 2362 137379 5148438
Level 01 3157118 25 48186 15874 27359 3575 58471 3310608
Level 02 2850824 30 92274 74701 2539 14589 207495 3242452
Level 03 840767 0 0 0 0 0 0 840767
Data 100% coverage of 88 hours, 299755 Accumulated Accumulated Coverage of the Accumulated Accumulated
feature the entire moon exploration points data for 200 days data for 195 days ﬂ:tl:;i:?aox?;ef:r data for 327 days data for 321 days
Total 11650496 867 263535 129114 74382 20526 403345 16142740

4.2 Data query and acquisition

The users should login to the GRAS website to
obtain the CE-1 and CE-2 data (see Fig. 20). Both
Chinese and English versions of the website are
available. With a simple registration, the users are able
to search and purchase the appropriate levels 2 and 3
data using the spacecraft name (CE-1 or CE-2), the
instrument name, the starting time, the ending time,
and/or the orbit number. Notification messages will be
sent to the user’s email at various stages during the
processing of the required data. Once the preparation
of the data is completed and available for download,
the users are able to obtain the data at the FTP site
provided in the notification message. For some spe-
cific data or exceedingly large data, the users may also
apply to obtaining the data by direct on-site copy.

Using the data results of CE-1, we have devel-
oped a lunar electronic map to provide intuitive visu-
alization of lunar morphology for public users. One
can query all moon name database information issued
by IAU. With the entire moon image data of 50 m
resolution of CE-2, we have developed the CE-2 data
display system to show the entire moon morphology
in the two-dimension and three- dimension forms to
the public (see Figs. 21-22).Other functions of the
system are still being improved.

4.3 Data release

The CE-1 data are currently in the public release
period. The levels 2-3 data for all instruments are
available for download by any interested user. Spe-
cifically, the CE-1 1:2.5 million DEM and DOM im-
aging data can be freely downloaded without the re-
quirement of registration and submission of on-line
application. In addition to the data in standard PDS
format, advanced data products in other formats (jp2,
tif, jpg) are also provided, such as the CE-1 laser
DEM and DOM of the entire lunar surface (i.e., the
lunar base map of Chang’E-1).

The CE-2 data are currently in the proprietary

period. The instrument developing institutes may ap-
ply for the data at all levels closely related to the spe-
cific instrument, whereas general users may apply for
data at levels 2 and 3. The release of the level 3 CCD
data started on February 6, 2012, including 188 stan-
dard imaging frames at 50 m resolution, 746 standard
imaging frames at 7 m resolution and the entire lunar
image at 50 m resolution.

According to the regulations of data release and
management as well as data application statistics, the
GRAS had received 328 applications for the CE-1
data by June 2011, and has released data products of
~8.2 TB for all the 8 CE-1 instruments to a total
number of 52 institutes from the mainland of China, 4
from Hong Kong, Macao and/or Taiwan, and 12 from
abroad. Till July 2012, the GRAS had received 135
applications for the CE-2 data, and has released data
products of ~42.8 TB for all the 7 instruments, to 36
institutes from the mainland of China, and two from
Hong Kong, Macao and/or Taiwan. In addition, by
July 5, 2012, 2115 registered users had downloaded
the data by logging into the lunar exploration data
release system.

5 Conclusions

Based on the classification and level definition of
the scientific data of CE-1 and CE-2, this article de-
scribed the technical specifications of the instruments
related to scientific exploration by CE-1 and CE-2,
and introduced the research progress and results based
on various data.

In the aspect of data management, this article
described the concepts and definitions of scientific
data product structure, data sets and data volume of
CE-1 and CE-2, and explained the description and
organization of data by using the CCD camera and
GRS data as examples. The information provided in
this article helps data users clearly understand relevant
information of the data, thereby using them effec-
tively.
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Lunar Exploration Data Release Sstem ‘

CE-2 Lunar Image

Abbe H crater

This image was obtained by double linear array CCD stereo camera onboard CE-2. Center
coordinates: 58.25» 177.9 E. It is located to the southeast of Abbe Crater on the far
side. The edge of crater is relatively well preserved, with a terrace on the southern
wall and a steep north wall.

Barbier K crater

This image was obtained by double linear array CCD stereo camera onboard CE-2. Center
. coordinates: 26.5 S» 159.4 E. It is located to the southeast of Barbier Crater on the far
List of CEl data release side. Crater has enlongated elliptical shape, with smooth walls and a clear converging
line at the crater floor

List of CE2 data release
Unnamed bowl-shaped crater

Orbital data query
- This image was obtained by double linear array CCD stereo camera onboard CE-2. Center
User registration coordinates: 48.1 N, 174.8 E. It lies to the northern edge of Chernyshev Crater on the
far side. Traces of sliding boulders can be seen to the left of crater floor.

Password retrieval
C. Herschell Crater

This image was obtained by double linear array CCD stereo camera onboard CE-2. Center
coordinates: 34.5 N: 31.2W» to the southwest edge of Mare Imbrium on the near side. A
ring of bright, high albedo material can be seen at the edge of crater, and a flower-like
central bulge lies at the crater floor.

Fontenelle Crater

This image was obtained by double linear array CCD stereo camera onboard CE-2.
Center coordinates: 63.4 N» 18.9W. It lies to the northwest of Mare Imbrium on the near
side.

Fig. 20. The Login interface of the lunar exploration data release system.
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Fig. 21. The two-dimensional display system interface of Chang’E-2 data.
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Fig. 22. The three-dimensional display system interface of Chang’E-2 data.

In the aspect of data release, this article summa-
rized the statistics of the storage and the characteris-
tics of the scientific data of various instruments, de-
scribed the release system of the scientific data of
Chang’E Program, introduced the query and access
methods of data, and announced the release of all sci-
entific data. Those types of information can help data
users understand the overall release of Chang’E ex-
ploration program data, and provide users with effec-
tive ways and methods to facilitate access to scientific
exploration data of Chang’E Program, and improve
data utilization.

The management and release of the scientific
data of Chang’E Program are being improved gradu-
ally. The focus of future work is described as follows:
(1) as the instruments carried by various exploration
missions and the data processing methods are differ-
ent, further improvement and enrichment of lunar ex-
ploration and deep-space data and product standard
system are necessary to promote exchanging and
sharing of the data and maximize the utilization of the
scientific data; (2) optimize the coordination system
and methods for data integration, verification, ap-
proval and release to ensure the practicability and
uniformity of the data release system; (3) enhance
visualization methods for releasing lunar exploration
data and enforce the power of results demonstration ,
so as to solve the problem of a massiveness of moon
data and WAN distribution of multi-dimensional in-
formation, and to improve the visualization and char-
acterization of information; (4) further develop control
policies for secure access in order to meet needs of
different businesses, different types of information and
different users, and to establish a three-dimensional,
multi-layer, multi-granularity security defense system.
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