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p !.4}3~�d1I���y5E� Lp R�=��wi}$J [1−3]. �V�/$J
Lp R�}X)�ruF}<=h|�?i>G.
#�FX� p ���R�iu+k���A}FK�Qt��S����{ LpR�}�m�iu 1/2, rH�R�}X)���	�uT:�}Hj}`xX��
2 b- LSE �\=�D
I
2.1 82�A �6>5y|��9s f0 (X, t) MCX-'}+'T	��}'*i��f ε (X,t) MQ�}p���y+G^�b�}p���qT	}�/'�
�M

r̈ = f0 (r, ṙ) + fε (r, ṙ) , (1)B� r = (x, y, z)
T
, ṙ = (ẋ, ẏ, ż)

T
.uF}T	}�/�4O�M

X = [Φ (t, t0) ·Φε (t, t0)] X0 , (2)B� Φε MQ�p��CE}�/�4O�� X = (r, ṙ) M+'T	}�/�s:�Dj%UM
H = G̃ (XT + ∆XT ,X, t0, t) + ε , (3)B� H M:�WD�Q� XT M:�T		{� ∆XT M	{`Gr;+`GPQ}'`G� ε MWD`G�IQ (2) ��WD%U
�.

H = G̃ (XT + ∆XT , (Φ · Φε)X0, t0, t) + ε = G (XT ,X0, t0, t) + ∆Gε + ε , (4)B�∆Gε = G̃ (XT + ∆XT , (Φ ·Φε)X0, t0, t)−G (XT ,X0, t0, t),*����'�`G�;+`G)CE}WD`G�k^B}`xX�%��� ∆Gε /_7u ε, t�D	�Q}.43��z<&�
2.2 Y:Tr|�s t }f�/�	 X∗ X��`x(Q5��q��`xM
k X∗ \=�-ts
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'�%K 287Z�� β = X0 − X∗
0, �WD'�=�-tsZ
{

H = G (XT ,X
∗
0, t0, t) +

∂G

∂X0

∣

∣

∣

∣

X0=X∗

0

∆X0 + · · · + ∆Gε + ε . (5)� Y = H − G (XT ,X
∗
0, t0, t), B = ∂G

∂X0

|X0=X∗

0

, β = ∆X0, (5) �
*�M
Y = B · β + ∆Gε + ε = B · β + v , (6)

(6) �M`x<=}��%U�B� v = ∆Gε + ε *�WD'`G�
3 b- Lp �\=�D
I
3.1 M Ud��2G�>T R1 }m� ρ, β } M R��>M Hρ (β) }2G+}��

Hρ

(

β̂
)

= min

(

Hρ (β) : Hρ (β) =
n
∑

i=1

ρ (Yi − Biβ)

)

. (7)KK M R�}m�R 3 u [4], .,�(6j>(�
(Bρ) ρ (x) k x = 0 \iu�}� -1; r x < 0 }� ρ ,r�r x > 0 }� ρ ,$�Kr |x| → ∞ }� ρ (x) → 0;

(Uρ) ρ (x) k x = 0 \iu�}� 0; ρ (x) UT 0 �O�r x > 0 }� ρ ,$�r
|x| → ∞ }� ρ (x) → ∞; ψ = ρ′ k R1 m���Kfk x0 > 0, � ψ k (0, x0] m,$�k (x0,∞) m,r�

(Cρ) ρ (x) 
Em�� ψ = ρ′ \\fkK ψ (−∞) < 0 < ψ (+∞).s ρ (u) }t� ρ′ = ψ k R1 m\\fk�q β̂ �(%U
n
∑

i=1

ψ (Yi − Biβ)Bi
T = 0 . (8)

(8) �
6\. M R�}�2��>�� wi = ψ(vi)
vi

, q n
∑

i=1

wi (Yi − Biβ) Bi
T = 0, � β} M R�:M

β̂ =
(

BTwB
)−1

BTwY . (9)

Lp R�
 M R�}2��Ba M R�}N��� (Huu��,=�/) Æ
6k
Lp R��{68o�T8M;_Vq [5].

3.2 p JR3s v 6
 m P p !.4�!�m�
*�M
f (v) = pm

2mΓm( 1

p )|Dv |
1

2

(λ)
m

exp

(

−

(

λ
∥

∥

∥D
− 1

2

v (v − µ)
∥

∥

∥

p

)m)

,

λ =

√

Γ( 3

p )
Γ( 1

p )
,

(10)
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6\.
2P�Q��m� m=1, 2P p !.4
|M
f (v) =

pλ

2Γ
(

1
p

)

σ
exp

(

−

(

λ

σ
|(v − µ)|

)p)

.;{ Ev = µ. Ba��T`xX��}>G
6�s µ = 0, 1q=�>GX�|\x��� v = v − Eµ.� ρm�M ρ = ln (f (v)),kX�Dv r pw�min (ln (f (v)))��Tmin

(

∥

∥

∥D
− 1

2

v v
∥

∥

∥

p

)

,� Lp R�r�k#\R�
��}�q ψ (v) = |v|
p−1

sign (v), ψ′ (v) = (p− 1) |v|
p−2

.IQ M R�O:%�
6�{ Lp  qj}R�	�
3.3 p JR3>�l R�=�R�X)�
6?iIxm�r�m℄^�s$��Ixm�$�R�}N7X)���m℄^�$���8X)����{R��m}eGG�}jX;�

(1) Ixm��> 1: s.�WD� Y1, Y2, · · ·, Yn ��A.4�B'�.4M F , X (F ) M F }$m��at�� l, 6 δl �H|T� l }>�.4�-�℄^.4M Fε = (1 − ε)F +

εδl (0 ≤ ε ≤ 1). r�r
IF (l;F,X) = lim

ε→0

X (Fε) −X (F )

ε
=

dX (Fε)

dε

∣

∣

∣

∣

ε=0fk}�O	M$m X (F ) }Ixm���T M R��&�QT
∫

ψ (θ, x) f (θ, x) dx =

∫

∂lnf (θ, x)

∂x
f (θ, x) dx =

∫

f ′ (θ, x) dx = 0 ,)6�T℄^.4R
∫

ψ (θε, x) fε (θ, x) dx = 0 ,

dθε
dε

∫

ψ′ (θ, x) f (θ, x) dx−

∫

ψ (θ, x) f (θ, x) dx+

∫

ψ (θ, x) δ (x− x0) dx = 0 ,qIxm�
$�M
IF (θ, x0) =

dθε
dε

=
−ψ (θ, x0)

∫

ψ′ (θ, x) f (θ, x) dx
.QT x0 }a<��
6{uIxm�}�2�Æ�

IF (v) =
dθε
dε

=
−ψ (v)

∫

ψ′ (v) f (v) dv
=

−ψ (v)

E (ψ′ (v))
. (11)
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E (ψ′ (v)) =

∫∞
−∞

(

(p− 1) |v|p−2
)

p

2Γ( 1

p)σ
λ exp

(

−
(∣

∣

λ
σ (v)

∣

∣

)p
)

dv

= 2
∫∞
0

(

(p− 1)
(

σ
λy

1

p

)p−2
)

p0
2Γ( 1

p )σ
λ exp (−y) σ

pλy
1

p
−1dy

= p−1

Γ( 1

p )

(

σ
λ

)p−2
Γ
(

p−1
p

)

.Qa
{u Lp R�}Ixm�M
IF (p) =

− |v|
p−1

sign (v)

p−1

Γ( 1

p )

(

σ
λ

)p−2
Γ
(

p−1
p

) . (12)�1A} p ��
6{uIxm�}T8Æ�M
IF (p = 1) = σ√

2
sign (v)

IF (1 < p < 2) =
(

k · v mod (p)σ1− mod (p)
)

sign (v)

IF (p = 2) = −vsign (v)

IF (p > 2) = −k·vp−1sign(v)
σp−2

,B� mod MRW�%� p }R�Ixg� k }���
 Lp R�}Ixm�
6\X�
Rr p = 1 }�Ixm�8R;�TRvH}℄G2���)S}+}2SR��r 1 < p < 2 }� Lp R�TR4H}℄G2��q
\��ueG}℄^��/�}�S%��6<lR�}℄G��
(2) �m��m�R,=�m�r.��m��u� Hampel },=�m�8o�k!LU�m}B�	)2V�'�9G}U��.��m�
k!Lm$�B�	2V��k ~}w[��

ε∗
∆
= ε (F0,Y )

∆
= inf {ε > 0 : ξ (ε, F0,T ) = ∞} , (13)B� ξ (n, β,Y ) *� β̂

(

Ỹ
) r β̂ (Y ) }+k9G�
ξ (n, β,Y ) = sup

∥

∥

∥β̂
(

Ỹ
)

− β̂ (Y )
∥

∥

∥ , (14)B� Ỹ *�K r GeG Y r n9\.�� r GD	�){u}�.���F}�m℄^�OM9�� ε∗R (β,Y ). efk.� Y w#=� r G℄^�Q��F}�m℄^�OM=�� ε∗A (β,Y ).�> 2: 9��m℄^�
ε∗R (β,Y ) = min

( r

n
: ξ (n, β,Y ) = ∞

)

. (15)�> 3: =��m℄^�
ε∗A (β,Y ) = min

( r

n
: ξ (n, β,Y ) = ∞

)

. (16)
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�x��x 1: ef�(>( (Uρ), q�at n, 3 �.��m�.,
 εA = 1/2, εSR =

εR = ⌊(n+1)/2⌋
n , B� ⌊·⌋ 
R�%"��x 2: �s�(>( (Bρ). � N = {1, 2, · · · , n}, Ik = {i1, i2, · · · , ik}, B� is ∈

N, 1 ≤ s ≤ k, 1 ≤ k ≤ n. �H�}.� X = (x1, x2, · · · , xn), �
A0 = 0, B0 = 0 ,

Ak = sup
t

k
∑

i=1

−ρ (xi − t), Bk = min
Ik⊂N

sup
t

∑

i∈Ik

−ρ (xi − t) ,

m = min {k : k ≥ An−k} , r = min {k : k ≥ Bn−k} .s a 
�( ⌈An⌉ ≤ a ≤ ⌊An⌋ + 1 }���q
εA =

a

n+ a
,
m

n
≤ εSR ≤

m+ 1

n
,
r

n
≤ εR ≤

r + 1

n
.effk 0 < c < +∞, � |x| > c } ρ (x) = 0, q

a = ⌈An⌉ , εSR =
m

n
, εR =

r

n
.�x 3: s ρ �( (Cρ), q�at n, r ψ R;}�

εSR = εR = εA = min

{

−ψ (−∞)

ψ (∞) − ψ (−∞)
,

ψ (∞)

ψ (∞) − ψ (−∞)

}

;r ψ ^;}�
εSR = εR =

1

n
, εA =

1

n+ 1
.
m��x
6\X��T p !R�} ψ (v) = |v|
p−1

sign (v), B�m�M εSR =

εR = 1
n → 0, εA = 1

n+1 → 0. Ba��T p !R�}`xX�%�1
X)}R�%��
4 �n� p LWg
G#}2�
6\X�??} p !R�-1
X)R��&\?i p �}uxX�
6�{�p}N7X)��q�TR�%�}�8℄G�2�&�1Z p �et�p��TBP�Q} p !R�1TR℄G��
�m�}�>
6\X�ef� p !R�}m��6b��q
6R�5B�m��\ 9K�Qt�x��m�=��S�
4.1 �t�E>A'
 5�Qt�
BP�Q}b�B�	�$��H�.��Q�j��Q�Vw�Q��}`�U��
`���}BP�Qt�
k�
`w��}BP�Qt�
}�k{.}<>j�DAkBP�Q�}�e
6?i�Qt�=�	|��V/�Qt�FKkR�x���}K�Qt�.M	|BPeG}MT��Qt�.M2��}B�MT�TR℄q}FKGF�

Zuo � [7] k 2000 55X2��Qt�}�>�-HXPo�Qt�} 4 �%��
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 Rd ×F → R }R;,9m��B� F *� Rd m)R.4*Q}u�K�(6j 4 >���
C1 ()q1&�) �a< q × q 6}
4O� A, a<} q P{	 b r x, 6
 Rd m}a<'	{	 Y , R D

(

Ax + b;FAY + b

)

= D
(

x;FY

)

, B� FY *� Y }.4�
C2 (�O��+t) D (θ;F ) = sup

x∈Rd

D
(

x;FY

)

, � F �a<6 θ (u�T*��[.4}�>) M��}.4 F ÆQ��
C3 ('+t�{I}qst��$)�a<H�} F ∈ F , g D k θ \iu+k�q�)R λ ∈ [0, 1], ÆR D [x;F ] ≤ D [θ + λ (x − θ) ;F ] Q��
C4 (^N`\t�M�) �a<H�} F ∈ F , r ‖x‖ → ∞ }�qO D (x;F ) → 0
2G�Qt� (B�t�m�).+G 4K%}�Qt��/�o��g"t� [8] �p`�t� [9] �pÆ8
t� [10] �DIt� [11]. QTDIt�}<>
W�X)�p��V9KDIt�.M�Qt�}�S%��DIt�
�T “w[D�”O (x;F ) 5Xs}2��Qt�� Rd � x UT.4

F }DIt�M PD(x;F ) = (1 +O(x;F ))−1, B� O (x;F ) = sup
‖u‖=1

∣

∣u′x−Med
(

u′Y
)∣

∣

MAD
(

u′Y
) ,

MAD (Y ) = Med (|Y − Med(Y )|), Med *�2[�R��O (x;F ) 
� x k.4 F )R%{}2PDI�u�9w+k}���	�� x 9w.4 F }U��
4.2 �t�Eh~> p JUd 5�> 4: ��2G�>T R1 }m� ρ, β }t��S M R��>M Hρ (β) }2G+}��

Hρ

(

β̃
)

= min

(

Hρ (β) : Hρ (β) =
n
∑

i=1

ρ (ω (PD (zi;Fn)) (Yi − Biβ))

)

, (17)B� Zn = (z1, · · · , zi, · · · , zn), zi = (Bi, yi)
T
∈ Rd+1.r ρ m�R ρ = ln (f (v)) }�m� β̃ �M�T�Qt��S} p !R���x 4: gSm�}26t�R;�qt��Sm�}�m�M 1/2, �

ε∗ (ω (PD (z; Zn)) ; Z) = 1/2 . (18)�%�r |zi| → ∞ }�R
sup

‖u‖=1

Med
(

u′Z
n)
<∞, sup

‖u‖=1

MAD
(

u′Z
n)
<∞ ,q

PD (zi; Z
n) =

(

1 + sup
‖u‖=1

∣

∣u′
zi−Med

(

u′Z
n
)∣

∣

MAD
(

u′Z
n
)

)−1

≤



1 +

sup
‖u‖=1

∣

∣u′
zi−Med

(

u′Z
n
)∣

∣

sup
‖u‖=1

MAD
(

u′Z
n
)





−1
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≤

sup
‖u‖=1

MAD
(

u′Z
n
)

sup
‖u‖=1

∣

∣u′
zi−Med

(

u′Z
n
)∣

∣+ sup
‖u‖=1

MAD
(

u′Z
n
)

≤

sup
‖u‖=1

MAD
(

u′Z
n
)

‖zi‖− sup
‖u‖=1

∣

∣Med
(

u′Z
n
)∣

∣+ sup
‖u‖=1

MAD
(

u′Z
n
)

≤

2 sup
‖u‖=1

MAD
(

u′Z
n
)

‖zi‖QSm�}��
6{u ω (PD (z; Zn)) ≤M ·PD (z; Zn), QT ε∗
(

Med
(

u′Z
n))

=

ε∗
(

MAD
(

u′Z
n))

= 1/2, qR
‖ziω (PD (zi; Z

n))‖ ≤ 2M sup
‖u‖=1

MAD
(

u′Z
n)

≤ 1/2 .�x 5: g Bn = {B1, · · · , Bn} ⊂ Rd Mk2�R�}�Q�� 0 < ω (·) ≤ 1, qr
n > d }�B�	}�m�rSm��m�2� [12].

4.3 �t�Eh~> p JUd}qMFIQ Lp R�}O:%U
n
∑

i=1

∥

∥

∥ω (D (zi;Fn))
(

Yi − Biβ̃
)∥

∥

∥

p
= min ,���S w′

i = ωp |vi|
p−2

, qm�%U�|M+}�S}R�Æ�
n
∑

i=1

w′
i

(

Yi − Biβ̃
)2

= min .IQ+}�SR�%�
6R�m��
4.4 p 2>7�)UdMF

(1) OR��IQ;%��
6{u Ev2 = µ2 + σ2. Ax�
Ev4 =

Γ
(

1
p

)

Γ
(

5
p

)

Γ2
(

3
p

) σ4
0 + 6σ2µ2 + µ4 .Qa�
6{u

µ̂ = 1
n

n
∑

i=1

vi ,

σ̂2
0 = 1

n

n
∑

i=1

v2
i−µ̂

2 ,

Γ( 1

p)Γ( 5

p )
Γ2( 3

p )
= 1

σ̂4

0

(

1
n

n
∑

i=1

x4
i − 6σ̂2µ̂2 − µ̂4

)

.
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(2) �k#\R��
Lp R�}��#\m�M

Φ = ln (L|µ, σ0, p) = n {ln p− ln 2 − lnσ0 − ln Γ (1/p)}

+n {ln Γ (3/p) − ln Γ (1/p)} /2 − σp0 (Γ (3/p) /Γ (1/p))
p/2

n
∑

i=1

|Li − µ|
p
.�#\m�Ot�*Q,s�%U*��
6{u>G v } µ, p, σ0 }#�FR���T8O:%�
6%Vq [13].

4.5 `+7�)�l Lp Ud>Y:�A�FsW���B"M λ, f�`GM δ, p0 = 2; WD�r�%�}>GX%IM
RMS =

(

n
∑

i=1

1

n−m

[

vT
i vi
]

)1/2

.s�%�ej�
Step1 � pi = p0, �%`xW� X0 = X∗

0 + λ∆X0;

Step2 �% OC >G�{uR�� µ̂, p̂i, σ̂0; g |pi − pi−1| < 0.001, �{ Step4; 1q�{ Step3;

Step3 IQ OC >G�%�Qt�S�� p = p̂i -P-��SO��
x Lp R�O:O��%`xW� X0 = X∗
0 + λ∆X0, �{ Step2;

Step46X0MW��9K Adams-Cowell��
.�
.`x��% RMS. g RMSj <

RMSj−1, �{ Step5; g RMSj > RMSj−1, � λ = λ
2 , �{ Step1;

Step5 g ∥

∥RMSj − RMSj−1
∥

∥ < δ, X∗∗
0 = X0, �{ Step6; 1q�� λ = 1, X∗

0 = X0,�{ Step1;

Step6 X∗∗
0 MW`��%T	`x�-X' `x.G�B�`G3���{ %}
�r+'m�M,#FE}��R�G����M�$"��uN7+N����/R4BC�}W�`x.MW����m�r p ≥ 2}�+'m�#FE�r

1 < p ≤ 2 }�k |v| > 0 \MEm��
Rr p = 1 }M,Em��a}�/Ks�^{%�O:�A}M$"r p < 2,>G vi → 0}���S w′
i → ∞, � w′

i = w
p/2
i |vi + e|

p−2
,B� e Ma<}}�� [1].

5 
u%1
5.1 P/�j6:�g"+' �M)}}H�s:�T	M`xB� 800 km }��T	�+'T	�pM Cosmos 2227 Rocket T	�:�T	?i	h[�^�F�+'T	K^i$�r0�u+'w9K#}J&%��{D	�Q�-=�`xX��MA
2'3.g}�}H�T8)}>(e* 1.T	;+}B:
�r����T^�F���1X��)}�k;+�G%{�fgB`G�eF 1.
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Table 1 Conditions of simulation experiments

Models and conditions Description

standard dynamic model perturbation of nonspheric gravitational field (JGM3, 70 × 70),

atmospheric drag (DTM94),

lunisolar gravitational perturbation, solar radiation pressure

calculating dynamic model perturbation of nonspheric gravitational field (JGM3, 20 × 20),

atmospheric drag (DTM94, to be estimated)

lunisolar gravitational perturbation,

solar radiation pressure (to be estimated)

platform error of space jitter error with high frequency and

based satellite vibration error with low frequency

a sin
(

2π

T
t + ε

)

measuring accuracy random error (10 arcsec, 3σ)

time and frequency 86 400 s, 0.016 Hz

ephemeris of target satellite Cosmos 2227 Rocket

1 22285U 92093B 08240.66512461 -.00000062 00000-0 -72814-5 0 7026

2 22285 071.0211 115.9845 0005051 323.5284 036.5482 14.14727218807734

G 1 <�U

|bI
Fig. 1 Ephemeris error of space based satellite�:�[�^�F�&�+'}[xH�r,[32
+�/}WD>(�^�F}.KVw0
�/}>(	2�k{��sj�{u+'},[32eF 2, 
WD�eF 3.

5.2 P/o℄
R�M)��V5X}%�}
`��9Kej��B�=�)}�)��) 1: +'���3�JV5����%K���'�r)}2��:�;+�R`G�D	�Q�1�l�K��
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'�%K 295�) 2: D	�Q��R�K��B*>(%* 1.�) 3: D	�Q��lR4}�K��B*>(%* 1.�) 4: D	�Q��lRek�K��B*>(%* 1.

G 2 -)U
�-\43 (90◦8lOe&QZ)

Fig. 2 Phase angle determined by the relative

orientation of the sun, the space based satellite

and the target (visibility area within 90◦ )

G 3 -)U
�eYF� (1 Oe&y�� 0 O3e&y�)

Fig. 3 Observability of target satellite (1 is vis-

ible; 0 is invisible)k�RB*`G^}Llj�D	�Q`G
�/.4� LSE R�r Lp R���2��%F 4 rF 5. `xX�7fF���s��sr�s.,*�I{��{rJ{}�``G�a} p �}R��k 2 :��`xX�}7f0��2��

G 4 �+ 1 LSE �bzZ
9h
Fig. 4 Orbit determination results of LSE

method in experiment 1

G 5 �+ 1 %ÆHZ+ Lp T��bzZ
9h
Fig. 5 Orbit determination results of the self-

adaptive stable Lp method in experiment 1&\D	�Q�RB*`G�rfk���'�`Gr^�F;+`G}�/
5^/u`xX���D	`G1j6
�/.4�Ba� LpR�}N
�{68o�R�C�%nBT LSE R��%F 6 rF 7.fk�K�}�QT LSE �R℄G���``G/&k�%F 8. qX) Lp R�2
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G 6 �+ 2 LSE �bzZ
9h
Fig. 6 Orbit determination results of LSE method

in experiment 2

G 7 �+ 2 %ÆHZ+ Lp T��bzZ

Fig. 7 Orbit determination results of the self-

adaptive stable Lp method in experiment 2

G 8 �+ 3LSE �bzZ
9h
Fig. 8 Orbit determination results of LSE method

in experiment 3

G 9 �+ 3 %ÆHZ+ Lp T��bzZ

Fig. 9 Orbit determination results of the self-

adaptive stable Lp method in experiment 3rfk4k}�K�}� LSE }R�7f
5�u℄^�oQ4k`xX�`G�%F 10. 
>GF (%F 11) 
6\X�fk%n}gB`G��a}X) Lp R�}N
�{6+k}8o��`C���K�Ix1k�%F 12. 
X) Lp R�}>G (F
13) s\�R%n}ÆnyP	�BagB`G
6?i Lp R�R�9��
�5B`xX�C��
6 pz:�Dj
QsDjgB}�/�s%{�k1�::�}H}Llj�$JX)}`xX�%��T5B�GgB}X��TR�/<>�QT#�FX) LpR�`xX�%�TRk�m�}N����kWD}H�u,�K?_}�
\
6JQ`x
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:�T	fk	{`Gr;+`G}�WD%U}`G.41j
�/.4�^B}`xX�%�/1j+N�k{�<>j#�FX) Lp R�/%nNT^B%���#�F} p �R�%�
6�{R�iu+k���QT�Qt�TR�p}x��FrFK����Qt��S%�MX)R�x�5N�2��}�S"��q2G%n}W�
�%8g�B�et1��%8g�
��FK}U'[7�

G 10 �+ 4 LSE �bzZ
9h
Fig. 10 Orbit determination results of LSE

method in experiment 4

G 11 �+ 4 LSE �bzZ
�I
Fig. 11 Residuals of LSE method in experiment 4

G 12 �+ 4 %ÆHZ+ Lp T��bzZ
9h
Fig. 12 Orbit determination results of the self-

adaptive stable Lp method in experiment 4

G 13 �+ 4 %ÆHZ+ Lp T��bzZ
�I
Fig. 13 Residuals of the self-adaptive stable Lp

method in experiment 44� ,K��wD��}�
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Research on the Method of Orbit Determination Based
on the Self-adaptive Stable Least p-norm Estimate

PAN Xiao-gang1,2 LI Qiang1 ZHOU Hai-yin1

(1 College 9, National University of Defense Technology, Changsha 410073)

(2 Manned Space Flight and Deep Space Exploration Flight Mechanics Lab, Beijing Aerospace Control

Center, Beijing 100094)

ABSTRACT The traditional LSE (least square estimation) method for orbit determina-

tion will not be optimal if the error of observational data of orbit determination does not

obey Gaussian distribution. In order to solve this problem, the least p-norm (Lp) estimation

method for orbit determination is presented to deal with the non-Gaussian distribution cases

because of the adaptability of p-norm distribution. Through estimating the parameter p, the

results can be more reasonable. The corresponding character of Lp estimation is analyzed.

It is proved that the traditional Lp estimation method is not a robust method. So a stable

Lp estimation based on data depth weighting is put forward to deal with the model error

and outlier. In orbit determination process, the outlier of observational data and coarse

model error can be quantitatively described. The farther is the data from the data center,

the smaller is the value of data depth and the smaller is the weighted value accordingly.

The result of the new Lp method is stabler than that of the common Lp estimation and

the break down point could be up to 1/2. In addition, the orbit parameter is adaptively

estimated by residual analysis and matrix estimation method, and the estimation efficiency

is more perfect. Finally, taking the Space Based Space Surveillance System as an example

to make simulation experiments, the results show that if there are system error or abnormal

value in the observational data or system error in satellite dynamical model and space based

observation platform, LSE will not be optimal even though the observational data obeys

Gaussian distribution and the orbit determination precision by the self-adaptive stable Lp

estimation method is much higher than that by the common LSE method.

Key words celestial mechanics: orbit calculation and determination, method: numerical


