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Abstract; To address the problem of high-precision autonomous visual positioning of asteroid probes, this paper
proposes an autonomous visual positioning method for deep space probes incorporating orbital dynamics, which can
correct the positioning errors of the simultaneous localization and mapping ( SLAM) algorithm. The method enables
high-precision visual navigation of the probe and the creation of a dense 3D model of the asteroid surface in a
scenario, where there is no prior information on the surface and no manual markers by incorporating orbital
dynamics for orbit improvement. Firstly, the visual simultaneous localization and mapping method ( VSLAM) is
used to extract the asteroid surface features, estimate the probe attitude utilizing a factorisation algorithm, and
design loopback detection to improve the localisation accuracy. Secondly, we reconstruct the 3D model of the
surface of the planet and realise the irregular gravitational field modelling of the planet based on the polyhedral
method. Finally, a pseudo-relative motion orbit optimisation algorithm based on orbital dynamics is proposed as a
physical constraint to correct the accumulated visual positioning error, and the propagation process of the inverse
visual initial orbiting error in orbital dynamics is analysed to correct the accumulated visual positioning error and
improve the initial positioning results. The experimental simulation results show that the fused orbital dynamics can
effectively improve the accuracy of visual positioning for asteroid detection, thus realising high-precision navigation
and providing a reference for the future development of deep space exploration technology.

Keywords: deep space exploration; autonomous navigation; orbital dynamics; visual SLAM; state estimation

/T ERIEM PR BOL BT IR oy SEEZ Mz RIBE R HiR T, 6 E | HA R X2 e
BRI HEAAE B B 3 TARK IR WHoEA: &850 17 20T BRI G BAE 552 v ks
IR AR R Y A B RS RS IRIE S B AT =T A, U T 2025 4R

WA 2022-02-16;F A HEH: 2022-05-19; MEE X BH: 2023-11-08

M 4& B & ik : hitp://kns. cnki. net/kems/ detail /23. 1235. t.20231107. 1700. 004. html

E4WmA . hRBE AR RREDT IR (22E0223301) 5 ERFE B AEBTHME 23 (E1213A02)
EE . BT (1995—) , L W LA A s 2R AR (1981—) , 5B, P90 0, 1A= il
BEEE. “HRA ,pxd@ nssc. ac. cn



.20 - MoK T

VAN S

5556 4%

A AT M /M T B 2016HO3 FFE 47 8 133P difT
PR, TP MTEIRS T, 5 g A s 4
FEWA KT IR N T B BRI AR 51 104
SEAF B DU LR AT v RS T R S S, AR
RIS A BT N —2 TAE, (Bl T280%
T S M Bk A A 3l TR A A i B AR (R R
PRI 28 765238 B bp KK B4 [ E8 I ae 0,
H 3= SRR A AR AT A A R Y F O
A, BESE B AR BT A AR /M T 2 T A B
WAV N N =E=Se=yriE 2 it £ SIS CADIE = %N
fRE,

G MR FH T, — T BRIREAR
ZHEBETC I, BB T REFER R I BV R A2 FR
WOLTE IS E ol s R R REFEA FRITR =S
BRMAT 55 b R AR A RRY . Ik, s A S0
F 5580 >R FH REFE MK ELRB AR IR & RS B e
SRS, © vl Lol s A E RSk — R
FIARM B R R, R B R Al s A5
PLEAR S RS IEAN b AT S B B B s il
M PR A B AT, B BAT B A ST A
FERTHIX/AMT R AT B B A S8 I, I H 2k
K N T2 5EERRBR AR LB RRAIE , AN iE
o AR A HRI T A A e T 2K 5 DA 67 G EE 1 £
JEAYHT AR ATARIC S B R IE PR 7 05k, 8 59 % 6 IR
R WA AR AL SE MR 70 25 R V% 2o i v R AE $RE R
FPCEL 5] AR 22, JE i SR E S S,
I BEAE /T B HEIAE S5 gl A—Fh B 3 A
A, LA W AR AE A TG S8 B0 A5 B P45 rh AT R
K

5] Bf % 37 55 M B #4) 42 ( simultaneous localization
and mapping, SLAM ) 52T 45 2 i 75 125 (9 I 5 A
J7 1] A AR 0T U A S0 R B v S I 15 4% 14 A
XoF 28 AV, AN T A 00 I B R AE . RE SLAM
AL AR B P A FHARMLZE S0 8% BUS B B
A7 B RN HEATAN T, 5] I 0 B 5E A7 4 2 =X 1l
PRIAE A | DT S BILAE AR M1 55t vh A A2 AR AL
WEFESETHAE . MLSE SLAM H AT C 2 /e b H LA
A A S BT 55 TP S B ), TSR A
HWGE DS SLAM N FHAE TR 25 U/ M T LRI AR 5%
Hr, SCHR[ 7 18T SURF HRAE Y 24 H 905 B
53T Rao-Blackwellized ¥7 13 JE#F 1) SLAM R 48
FHES G AR /INMT B HOE 1) [R] Bh Ak 315 00 45 B4 47
BRES, SCHR[8 ] Z )5 M55 78 L 3L Al L1 A
HALH SLAM HEZE HE 4730 S S0, BIF 9 1 3 6
TUE I B /N TARBIT AL R AR S A T, SCik[9]

YRR IR I (extended kalman filter, EKF ) 3 FR
ST R A S R B 3R B B0 ) 2 ok i
R . AHZBE TR U8 4% A1 EKF S5 38 3 A A7
TEEFEVEAN SR 78 KA S h 2GR RS ), 5L T
PR LR ) 7 2 i 3 el DGRt A 37 221 ORIy
S TR AR B 56 2R | AR AR UERG B ) sl 42 s R 0
SCHR[ 1L ] RilE T AL IRES M2 IR 2% A H 45
PEBLE I L 8 2ok OO0 A A T I 23 /N AR (4 4
XS B FVEAS LA INRAR I .0 Fl A 5 A e
A SIFT 44 45 By X T8 ik S it iz 47 H G [\ 36
R bR R 22 , SCHR[ 12 ] W2 A /M T R
OSTFRAE R AT AR 4 B, R 75 18 L S R A R A1
(RIS, PR 2021 4FSCHk [ 13 ] fi FH DAWN #8000 4%
5T AREE R LS R R T T — S S G S i A
[] B T F) 52 R 45 SLAM, 3 4 /2 588 2% 11l 35k 4
RS A SE IR AL, SEEE T AR SR IMT R R
T RS B A FR R 5 A T B LS5 1%
Hizgh s, sesh, WA # o/ M7 B HUE LT
FELETRFCIR I 25 0 e iz BRI 25 18/ M T AE 51
Gttszne (0 i T HOR A T AL AR ANAF 5 FLSE
/T RS 15 FERRM 28 B/ M T B B B IR 225K
KU LA AR N RS S 5 ) A e
TS SALM BE 7 AR L H F FAU AT AT,
O ARG BE AR W il PR A 25 A5 R R, — S —
SEAIE A B LR Ak 8 5 2 s T A B R AL
ARG A A AR B S B0 DA 2 o R AR 2% 5
TR T RSB G, RS KR T MT A
FRAE R TN B SE B = R AT AR AT W90 % i L 5K
Yy s Wy PR RN 7 5r R G52, N G SRS AT
PR, 5 SEBRGEIN R FH A7 AR 250

BEXT LA b TRl AR SCRE T —Fh il i 3 )
LIRS PRI AS F 58 58 07 ¥, RETE Bk = K T
Sel 5 B TN T Fahbric i35 5 b A H s v A5
B SEPSER E A, ST /M T R R T AERAY IR
R MR BUIE B AR — R B R | A /M T A
PRIt v, F 200 B0 ) 27 1 90 e ik R g
FPEE FOUORE R, T, BT LGE SLAM X /M T A
T A RRAE S T4 BUC B 38 1k R AR AR R v Al
THRM G AL, R 8 TE Ao B R 22 15 T 1] BRAG U
PERENE R, HOR  EWAT AR R ST
BT Z MmN B AN G| 15t f&a, 32
BT T E B )2 B AR RTE B T RS R
AL B IEILEE 7 BitiR 2, 4 UNREAL
ENGINE {75 5.5 | 8 A i (0 85048 S 01E | A SCH 0 09
DR 4R 2 1 25 L, DT S 3 = A B S



555 W BEER T, AF BlEPUES) AR/ MT RIS A A 21 -

1 EefEs ) FmATERNEE =

AL R A

ARSCHIEE T Ril& HUE B0 12 94T BRI 2 B
SE LR R IR XLSE SLAM TEA7 (51 ) 7
LA S S B IEARE TP T 9T, /M7 25
i ESe G e P B H AR DL B 1w RS, P
SLAM ZE 3 33035 Xt i A P (8 URR AL, Al 0
v ARG 28 5 5| 3 37 S A 1 ARG i A T 50 o
Z AU LT /T B 3R = 445K, X 51 )
Gyt Dh BB 3 ) 2 A8 IR SR A5 5 I W IR
(G R ANMT RS 135 B IE RS S m )
RRE . RS BLES) 2 rAT BRI A AR R
ZRAGINPE 1 PR MRS RE £ 200 3 AN,

1) W5 SLAM 8 37« X /N7 B 2R 18T A R AE 2E A 7
PREUC LS PR 3 R O AL S Al T
LI I FH ] 2 G 00 T A b SR B 25, 4 o i
KR,

2) 51 1 ARG S B IS B SFM BTk
VREZAANIE B FF AT B e =AY Sl A MVS
HEAT AR d B e X s R T A AL AL B LT
Z AR XN BN NT B 5] T 7t

3) PALIE S 1 B R R T R T
BB 12 W P AR T 2 Bl 2 Aok i 0 DAk Bk 3
T AR AR T I E8 AR M T R BB
1 BRRHOR R 1T B A ELN 51 135, 53 M7 S
AL 4R R PR 25 7R B3E 3 1 2F h AL R L R 18
IELSEE L RIS, BB IR R S 25 5

F A
HEE SR 5 BB |
K S
- *ﬂﬁSLAMEﬁ ﬁﬁ%ﬂﬁ
FAIEE —
| [
SEM1K & MVSH % B JIEHBIE
HbLE ) g
I | PUsE Y 1
AL 2 2 %gg%ﬁ
31 A

E1 BESHNENNZERNTERUSEBEEMERREY

Fig. 1  Autonomous positioning architecture of planetary probes fused with orbital dynamics
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Fig.8 Comparison of position errors before and after fusion orbit dynamics improvement
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