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Laplace-Zhang 5 & A 51

r=pp+R  jpxr=pxpp+p=R

(Fv)Yo = (F)z, +(GV) Y, = (Gu)2y = (WY, — uZ,)

| (F)X, —(FA)Y, +(Gu) X, = (GA) Y, = (X, — AY,)

((FV)XO 3 (FZ/I)ZO + (GV)XO | (Gzﬂ’)zo - (VXe _ﬂ’ze)
(Fv)Yo —(Fu)z, +(Gv) Y, = (G, )2, = (VY — uuZ,)

(F)X, = (FA) Y, +(Gu)X, —(GA) Y, = (X, — AY,)

[ (Fv)X, —(FA)z, + (Gv)%, — (GA)Z, = (vX_ - AZ,) FXLH
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T

=z 15
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F :1+%{—u3+(3‘] j(Su 22 5)—u'u;} G=r+ %{—ug + (%) (5u,zZ —ug) — y'ug,}
78 3J
3 5(u, — 7Usz8)o +10u, 2,2, 4
[( ”“){ )( S ””)} +;—4{6u50+(3; j(ZOu 2.2, 1Ou7(7uzz§—l)a)}

5

+;—;{u5(3v§—2u ~15u,0 )+(3‘] j(6u (4u,z? —1) —5u,(7u,z2 1)V}
4 172—Ou5[9v§ —8u, — 45u,62] + O (%)

+10u,25 + 35U, (9u,z> —1)o* —140u,07,2,) + U, (4 u3,)]

5

+ 1;—0u7[150(—3v§ +2u, + 7U,0%)]+0(z°)

4

F, = F+(33 j{_( —2U5) + 3(10UI 6)+ 7 U (L0v; - JOUZGZ)}

4 . n _9 . 2_P.¥
G G+(3J j A 5)+ (20u o) u =1/r, G_r(i L, vo=0-T,
2 u, =1/r", ry=1|
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A} A3 A} 1 — —
FaihiE = E400km, AEFhE, ifR42° . BUERESE1XK.
BfrEE =E800km, IEEE, HifA80.

MEHRE KRR, BEOSHM.
epochl 2018.0 8.0 21.0
epoch? 4.0 00.0 00.000
pos O 7278063.978 -29901.639 -12992.788
vel 0 18.289 1284.862 7288.046
2 pos O 7298676.644 -30007.840 -13028.426
vel 0 17.770 1114.764 7364.932

3 pos O 7276510.626 -29953.685 -12986.493
vel 0 17.648 1298.911 7282.058

4 pos O 7244075.551 -29893.627 -12920.345
vel 0 17.112 1568.733 7160.580

8 pos O 6512857.661 -37752.246 -10076.740
vel O 1.227 7756.661 4390.572




RIEBRXSHEIELLR

unit:m

Orbit Overlap ,RMS=2334.4397
1000 . | . |
——— R
0Or -ll-—---—-—-—-—-—--____I_-T —
N
-1000 .
-2000 | . .
_3000 1 | 1 |
03:59 04:00 04:01 04:01 04:02 04:03
time/month day hour (UTC)
0 T | T T
_-_-_-_-_-_-_-_-_-_-_I R
Q _5 | - T |
g N
."é‘
5210+ -
15— sssssas. bssssssuunu ow | !
03:59 04:00 04:01 04:01 04:02 04:03

time/month day hour (UTC)



RSEANPER

FagE | mE400km, EELE, 42 . HUEERE1X.
GEO#hig ETRZE120° .
MEHE | RAER3D, BEOSHD.

AT
K425
SR

Orbit Overlap ,RMS=1816.5679

1000 T T T
— R
ok - T
_-—-—-—-—-_-_-_---_---_. N
£
= -1000 -
=,
-2000 .
-3000 I I 1 I 1 I I 1 I
03:59 04:01 04:04 04:07 04:10 04:13 04:16 04:19 04:22 04:24 04:27
time/month day hour (UTC)
0.2 T T T T T T T T
— R
- T
© 0r N
£
E ey L R ]
S5 02+ pe——————— R R R R i

-0.4

03:59 04:01 04:04 04:07 04:10 04:13 04:16 04:19 04:22 04:24 04:27

time/month day hour (UTC)



IMTEO01620¥31E (FHIER)

tRFT: 2015-09- StRZATT: 2021-07-05 T00:00:00
02T09:07:30.640

K8 (AU 1.21958 qith (AU) 1.2455977
BILbE (°) 0.33481558 B LR (° ) 0.3354475

Higwms () 13.03812021 HaElima ) 13.33761

ita =Lt~ @ 336.14097588 FHAIEFH RZ (° )  337.18541

=Pl 5 & 275.15046266 EESMER (° )  276.95242

Chiimh=b: M@ 89.44606836  FiAthmAm () 158.69917



MTEO08S67HIEMIE (FEF)

STRIFHIT: 2014-11-09T09:07:30.640 STRFAITT: 2020-12-17 T00:00:00

F4c3 (AU) 2.044166 EKH (AU) 2.0457249

BILbE () 0.44824411 B L (°) 0.4492428
HialA ) 8.44089985 HiEmA ¢ ) 8.44926
HRZRHFRE ) 177.16994068 HRETRE (° ) 177.10617

mHAEA ¢ ) 176.97020236 IHSEA ) 177.25595

EimdbEm ) 37.16932227 TiRfERA ) 67.91134



PMTEO01866¥MMAE (RER)

MRFAIT: 2015-04-01T04:33:32.640 SR ATT: 2021-07-05 T00:00:00

K4 (AU) 1.894266 FK5H (AU 1.8934299

BLbE () 0.53818447 BILE (°) 0.5383079
Haugmms () 41.18762216 HaEmm ¢ ) 41.20361
HAXZRFRE (° ) 63.51191260 H3FEFREZE () 63.47445

IR RIERA () 293.08293930 IEHSES ¢ ) 293.07509

iR sms ) 110.48832176 SFirithmm ) 255.48608
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The sequence of B-splines up to order four with ten knots evenly
spaced from 0 to 1. The B-splines have local support; they are nonzero on an
interval spanned by M + 1 knots.
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rAtif =argmin ;(Yi ~G(X, t ))TWi (Yi _G(X,t )) B, //7/

st (Ap) (Ap)<t

A =argmin (Y, -G (X,.t)) W (Y, =G (X,.t))

=1
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CNC{ARHI =418 (A420s)

ZREIMEHIERERA /s, MEHIRRFIEEZER2m, MRHIERRE
WEZER.5em/s; VLBIBTIERMFZR A5 /s, BIERFFEERT.2m,
B ZRIE AR AriEE A3E-4m /s

5GNCSE#EN FiRERMS(M)
R ELR
R T N Total

[R5 78.365 51.927 36.299 100.773
A ETH 82.365 98.128 72.049 146.983
BHEZI10T A 78.654 43.725 29.324 94.648
BH&20% = 68.446 44.13 29.549 86.648
B30T A 63.432 40.091 29.607 80.668
BH&£40T = 70.991 48.819 29.966 91.229
BH#&50¥5 = 75.73 37.356 33.29 90.767
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EGNCEZHEMERERMS(m) a ]
R B R T N Total - M ™
199.984 | 346.469 L

STm 187.366
7 E 10}

108 = 30.712 38.519 21.498 53.751 E |

15% = 18.485 25.453 36.018 | 47.821 § r ,uﬂj

20 14.437 29.3 23.489 | 40.232 E |

25T 14.909 36.451 32.212 50.878
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(m) (m)

(EAREG-ME4 | 12-12T18:57:00| 12-12T20:02:00 207 209
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=-E4 | 12-12T18:57:00| 12-12T20:02:00 186 189
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Chang’e‘B Landing Site

Lunar Reconnaissance Orbiter Camera

HE5%E 2K (B) SE (B) (&1 B
NASA LRO#EH [-19.5116 441214 |-2640.0
EHER/GITENM [ -19.5102 44,1205 -2636.6
HEMERA |[-19.5045 441196 |-2619.5

Chang’e'3 Landing Site

Lunar Reconnaissance Orbiter Camera
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Constant!

/

(@EF AR
O(t,t;)z(t;) (t)D(t, t;)x(t;) Why?
/
B(t,t:) = A()D(4, 1), Dt t:) =Ty




1 T

(A) Initialize for this iteration:
Seti=1. Sett;—1=1gn, X*{ti_ﬂ: L ‘I‘{ff_l._ tn}=¢'{tn, tal=1.
. . —==1 = =1
If there is an a priori estimate, set A = P, andset N = P, X;.

If there is no a priori estimate, set A = () and set N = 0.

A

(B) Read the next observation: t;, Y, B;.

L

Ifff < tﬁna]:

i =1+ 1. Thus:

t; becomes t;_;

X*(t;) becomes X*(t;_1)
©(t;,1p) becomes ®(t;_1. 1)

Go to (B) and read the next observation.

lffi 2 tﬁna]:

Go to (C) and solve normal equations.

3

Integrate reference trajectory and state transition matrix from ¢;_1 to ¢;.

X* = F(X*(t), ) with initial conditions X*({;_)

A(t) = [0F (X, t)/9X]*, where * means evaluated on the nominal
trajectory.

®(t.1y) = A(t)®(t, o) with initial conditions ®(t;_. ;).
This gives X*(#;), ®(t:, to).

(C) Solve normal equations.
The normal equations are A%y = N. The covariance is P = A~!.

L

Accumulate current observation

H; = [0G(X, t;)/0X]*
yi=Y; - G(X], t;)
H; = Ei'I'(fi,_ fn)
A=A+ HIR'H;
N=N +HIR "y,

!

Has process
converged?

(10(A))

[terate.

Update the nominal trajectory:
Replace X7 with X7 + Xy.

Shift %, to be with respect to
the updated X}, as follows:

Xo = Xo — Xg.
Use the original value of Py.

Go to (A) and use the new
values for X} and xg.







