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04/24/1970, launch of Dongfanghong-1 satellite

10/15/2003, launch of Shenzhou-5, first Chinese
astronaut in space




10/24/2007, launch of Chang’E 1
11/05/2007, lunar orbit insertion




Exploring: unmanned

lunar exploration Orbiting
(2003~2020) (2003-2007)
Landing
3 phases (2007-2015)

Sample return
(2012-2020)

Landing: manned landing on
the Moon (precursor missions
since 2021; manned mission

2025-20307?)

Staying: lunar outposts,

human settlements
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Spacecraft

requirements

Platform DFH-3

Total mass 2480 kg

Lunar orbit 100 km, polar, circular
Configuration | Tri-axial stability; satellite facing the

Moon, solar panel facing the Sun,
antenna facing Earth

Operating life

= half a year

System
Composition

frame, GNC, thermal control, energy,
propulsion, data management, tracking
data transmission, payload
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TT&C

(Tracking, Telemetry, & Command)

=4t
USB+VLBI:

USBIHL, d&dil,  VLBIMA




Ground Research &
Application System (GRAS)

Miyun Ground Station 50 m antenna
scientific data receiving & BLVI precise
trajectory monitoring

Kunming Ground Station 40 m antenna
downlink scientific data receiving and VLBI
trajectory monitoring
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~Scientific Goals and Payload Design

Four Scientific Goals of CE-2 -

(1) To obtain stereo images of the Moon
with resolution better than 10 m/

pix

(2) To detect the composition of the
Moon

(4) To explore terrestrial-Moon and near
Moon space environment




(N Six Engineering Goals of CE-2: -

(1) Direct launch into the Earth-to-Moon tfansfer orbit I
(2) Proving 00 km lunar orbit capture technology I
(3) Proving 100 kmx15 km orbit fast tracking technology I

(4) High-resolution imagining of Chang’e 3 candidate
landing area Sinus Iridum

(5) Proving X-band deep space tracking technology,
testing deep space tracking system

(6) Testing technologies such as 12 Mbps high-speed data
transmission, low-density parity check coding
(LDPC), light-weight CMOS monitoring and landing
cameras
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Mission Summary

Lunar Mission

zero-window launch from Xichang
Satellite Launch Center and directly entering an
Earth-to-Moon transfer orbit

entry into lunar orbit

obtaining first high-resolution image of
Sinus Iridum

reaching the end of designed operation
life, successful completion of all engineering and
scientific goals




" Mission Summary

low-altitude imaging
of Sinus Iridum again, mainly to
prove ignition control of the main
engine in the far side untrackable arc 1 1, .f
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" Mission Summa -

Extended Mission (cont’d)

reaching the Earth—Sun L2 Lagrangian point, 1.7
million km from Earth

departure from L2 for asteroid Toutatis

AmE .
@
Lzﬁ \\'
~N

EEHBERI5000 ~

2012.12. BHIEERNTMTEZS o
: EERIBR70075 A E , A




R E R R AR A R
RIEAE. SR ETRAIA B

"0‘ 1

MU N R T “iR—B” RS







IEE S\ T EE







CE-2 satellite
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a5 e f:17.20 °
IS eI fh: 7.98 °© Satellite orbit: 100 km

Forward looking angle: 17.2 PRPuE
= EE100km
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Backward looking angle:
7.98 °

direction
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— CLEP global lunar image map 120 m/pix
— CLEP global topography map #i/£ K 500 m/pix
— CE-2 global map 7 m/pix
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(m/pix) (m/pix)
CE-1 (2007) 120 120 100%
China e (20109 6.07~8.23 7 100%
1~1.5 JaER
Clementine (1995) 100~400 100 95%
UsS 100 100 100%
LRO (2009)
0.5~1.5 ~55.9%
ESA Smart-1 (2003) 100’s Jay il
Japan | SELENE (2007) 9~12 7.4 92.4%
India | HM (2008) 5~10 Ja s
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Interaction between luriar sutface and the solar wind

>
(new insights after 2008) -
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Qﬂﬁ’w Wang et al, GRL, 2010, 2011
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Nighttime Brightness Temperature Map of The Moon from China’s First Lunar Probe Chang'E-1 (19.35GHz)
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Nighttime Brightness Temperature Map of The Moon from China’s First Lunar Probe Chang'E-1 (37GHz)
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Launch on
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Asteroid 4179 T@uta tis (’ ﬂ’)""%) C) P
: i
* Near earth asteroid, Apollo, Alinda, Mars crosser
* Stype
* Orbit

* Semi-major axis: 2.5294 AU
* Orbital period: 4.02 a. 3:1 orbital resonance with Jupiter,
1:4 resonance with Earth
* Rotation
* Principal axes: (1.92, 2.29, 4.60) +/- 0.10 km (Hudson and
Ostro, 1995; Hudson et al., 2003)
» Rotational period along long axis: 5.38 days, processing
period of long axis: 7.38 days
Close approaches to Earth ~every four years

* Closestin 2004: 897,600 km, 2.3 LD
* Most recent flyby on Dec 12th, 2012: 6.9 million km, 18 LD
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Radar Observations of ToUtatis v
Axf’

* Acecibo & Goldstone: 1992, 1996, 2000, 2004, 2008, 2012

1996 Goldstone observation, delay resolution of 125 ns and

typical Doppler resolution of 0.033 Hz (Hudson et al., 2003
L R & LB ( )
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Resolution ~10 m (Hudson et al., 2003)
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31 7E 'I_'outatis

__Dec 13, 2012

e Dec 13th, 2012, Toutatis 7 million km from Earth
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e Solar panel monitoring camera 08: 20 00- 08 45:00 UTC o 4
e Outbound image series, 08:30:04 — 08:30:55 UTC |

.
475km \ 16:30:43

‘ 16:30:36
\16:30:28

218km \
16:30:21
26m
16:30:15

16:30:09

. 9m
16:30:03

,*””46"‘ "‘. 16:30:01
) 24/@2012.12.13.16:30:00 s BT R&5 R E R AHokm?

Distances here are estimated based on asteroid size. Need revision!
A ?K"T/c?.?fﬁ@‘ﬂﬁ*ga#a}é}i‘
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o
Dec 13, 2012
08:30:00 UTC
First clear image
of Toutatis,
partially blocked
by solar panel
Flyby distance: 40
Km (according to
Satellite Chief
Designer)
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08:30:03 UTC




o
08:30:04 UTC
First unblocked
image
Flyby distance 90
km (according to
Satellite Chief
Designer)



Toutatis flyby movie: 12/13/2012, 0829‘59-38\3130§"QTC
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‘and radar-derived shape model

Jianjun Liu, Xiaoduan Zou (NAOC)
Overall size and shape match, but significant differences in detail. e.g., radar
shape model with smoother concavity, tapered large lobe and small lobes

Neese, C., Ed. Small Body Radar Shape Models V2.0. EAR-A-5-DDR-RADARSHAPE-

/%%D&gu{é Mé% i@l}eta ry Data System, 2004.
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e Ty
Further analysis: -
International collaboration welcomed! e .

* Shape model based on combined images and radar data

e Surface morphological analysis: crater analysis, ridges,
boulder etc.

 Photometry, albedo, color
 Mass and gravity model
 Rotational characteristics

e Comparative study with other near Earth asteroids: Itokawa,
Eros
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