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Fig. 1  Composition of celestial navigation
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Table 1 Applications of autonomous navigation technology in deep space exploration

Time Mission Nation  Application description of astronomical navigation technology Star sensor
In the phase of the moon, the celestial navigation is only used as
1968/12  Appollo 8 USA . ; (1] Sextant
an auxiliary means to verify the correctness of the track" .
With the help of celestial navigation, the probe successfully
1971/5  Mariner 9 USA entered the orbit of Mars; it is proved that only through the Optical camera
celestial navigation can complete the navigation task 'l
The detector independently calculates the position of the sun,
1996/2  NEAR USA the earth, the asteroid and the detector, and adjusts the attitude Optical camera
of the spacecraft'"’
Deep Space 1 is the first successful implementation of autonomous
navigation task in the cruise phase by dependent photo sequence Navieati
. . avigation
1998/10  Deep Space 1 USA planning, image extraction, observation and phase element from &
. . - . camera
the image, and orbit analysis, determination and attitude maneuver
and orbit correction "7,
To obtain the image processing center extraction technology using
autonomous navigation system, get the center point of the
object, combined with the detector attitude information and .
1999/2  Stardust USA o . . . . Optical camera
filtering techniques, to determine the orbit and attitude control
system, through the interface, proactive attitude maneuver, in
order to maintain the navigation camera locked nucleus '*.
Rendezvous and landing asteroid stage through the processing of L
- . - . Navigation
navigation cameras, laser range finder and navigation signs and
2003/5  Hayabusa Japan . . . . camera, Laser
other measurement information to determine the orbit of the .
71 range finder
detector, and to complete the track control .
The measurement information of the satellite borne camera and o
. . . . Navigation
2004/3  Rosetta Esa the ranging radar are processed to determine the trajectory of the
18] camera . radar
detector .
Based on the image and attitude information of the target comet, Navieati
S . . - avigation
2005/1  Deep Impact USA the navigation sensor is used to realize the autonomous navigation &
camera
and control before the collision' "
In the process of navigation camera close to Mars, Mar Surveyor Navieati
. e . . avigation
2005/8  Mar Surveyor USA using the two satellite images and ephemeris information, to &
camera

: e [20]
achieve autonomous navigation .
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(AR S VRIE 2 iV A s vk 2 SV R N i S A Y Parameters Range
CUITENR ¥ 7202 1ot e NT S SR E - T o S w——— 12
TR NMTRAA I, BT — o135

T rl H A R e U A/ MT RS 17, fEBT Relative velosity of asteroid and
B ET TR, TR s (o) <
e GIr, E—MSHMTE, BT SHAE
R, BB EAT LR —m R, E
A — I R E R BT RS 1B EhR R SE
FR, BRI RAT IR T R AR L A
3.2 kG R BURAREOR

TR BB RS R CA ERMARGR O, ZORMEREE R, RBUER ., shBRER,
WBUN, FERE, L, REURESHLERE . 450 P ARG BRE D7 R HAT B
R, REURSREOF AP (1) T CCD KGR E G B BURS:, A 70 4240 E MRt CCD
AL, CCD MG AL RS — BN EW A R BURAR ], L An7E[E Jena-Optronik ) ASTRO F41 | 12
[l () SODERN %4 FI3 [ Lockheed Martin (1) AST-301 %, 5 [E AST-301 S 76 WA (] S5 5617 B
IR, RRAETHTT 3 s WAL RMEAR 99.98% , (2) kT H b4 Jm A AL ¥y T 1K
( Complementary Metal Oxide Semiconductor, CMOS) fJcitHE 5 R 48 ( Advance Photo System, APS) £
B, 5 CCD BHURGRMLL, APS BEURSHABSINIY, PG E 28 AL, REURG
FEAF BB AT LIFRAR, St i i E e sids, AR RIA RIS, B [ PR b R RS A R 3
BWFFERIHOAR

AR, EWNIFFREN S WMAEARBHRRIISE, TEREEIE R | R . S8R E M 5455
JIACTARZ TAER . HAT, TR 58 E TR R BN 1024 x 1024 9 APS BUGE Jr 19 73X
APS BUEES , TR =T s A AR [ RAT AT, S S N T RGP B T IR
TERUCATSES, AEPURSHIRI RN T 12,
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Table 3 The typical application of star sensor parameters!'®™""+ 2-!]

Missions Star sensor Focuse Field of view Resolution
Deep Space 1 Optical camera 1 677 mm 0.76° 1024 x 1 024P
Optical camera 2 677 mm 0.26 256 x 256P
Rosetta Camera with Narrow field of view - 2.4° 2048 x 2 048P
Camera with Wide field of view - 12° 2048 x 2 048P
Stardust Optical camera 200 mm 3.5° 1024 x 1 024P
Hayabusa Optical camera 1 - 5.7° 1024 x 1 024P
Optical camera 2 - 60° 1024 x 1 024P
Deep Impact MRI camera 2.1m 0.57° 1024 x 1 024P
HRI camera 10.5m 0.12° 1024 x 1 024P
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An Overview of Celestial Autonomous Navigation
Technology for Deep Space Exploration

Xue Xiping'*>*, Zhang Hongho'?, Kong Deqing'
(1. Key Laboratory of Lunar and Deep Space Exploration, Chinese Academy of Sciences, Beijing 100012, China;
2. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China;

3. University of Chinese Academy of Sciences, Beijing 100049, China, Email ; xuexp@bao.ac.cn)

Abstract: Autonomous navigation technology has obvious advantages in improving deep space detector
survival ability, reducing the burden of the ground station and meeting the need of special task stage in
navigation. It has become a hotspot of research in the world wide. Mars exploration project has been launched
in China, there are other projects for asteroids, comets and planets and their satellites. Under this
background, this paper describes the necessity of the development of autonomous celestial navigation
technology ; describes the basic principle and advantages of celestial navigation technology; and gives an
overview of domestic and foreign deep space autonomous celestial navigation technology and application;
summarizes the key technologies of the development of autonomous celestial navigation technology. According
to the analysis in this text, the suggestions and considerations for the development of deep space exploration
autonomous navigation technology in China are proposed.

Key words: Celestial navigation; Autonomous navigation; Deep space exploration





