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Study on the Application of NPF Algorithm in the X-Ray Pulsar Navigation
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Abstract:In this paper, a Nonlinear Predictive Filter (NPF) based on the minimum model error criterion is proposed
to estimate the orbit information of spacecrafts in real time, which can solve problem contained in the X-ray pulsar
navigation, such as strong nonlinearity of spacecraft system model and high-order model uncertainty. Firstly, A navigation
orbit index function is established based on the models with uncertainty,and the model error is calculated which minimizes
the index function, thus the influence caused by model uncertainty can be reduced and eventually the accuracy of
autonomous orbit determination (OD) for spacecrafts can be further improved. The orbits of Path Finder, Venus Express
and Beidou-01B are adopted to validate the navigation method. The simulation results demonstrate that the proposed method
based on NPF has higher precision than EKF, and it can meet the requirements of autonomous OD accuracy for different
orbit types of spacecrafis.
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based on X-ray pulsar

y(1) = h(x(1)) (6)
Aex o= [F0 9] R x (1) WA
TR ENAERE G (1) = [05 L] 55(1) e R
LI A 5 b R S (3) M

UX
1})
e ( )
) - M -
Gy = | T v =T HrH
y Y-y
“ “( 1)
R HrH
V4 Z _z
- 1, + ,U«( - )
et 2 T

(7)

AR SCHR Y B HE T X 2R bk b 2 B9 NPF 35945 i
SR RINT

1) wtsik .

55 IR AS B W0 TR A T (o) 5 AR 3 BT 3 Tk b
EREES B, 3T 3 (4) THR AT B A UK o 2 60
Jokc o BE S B oy, WE T A BB A T 25 R =
diag(o’f, - U/?, - 0'?”) .

2) BRI R 2 Ak

B WU RN S =3 AN DI TR0 QU R = N T 5
0 (3) Al AT R G J7 # 1) B AL 2 L T



LR

G Ah A NPEF SIETE X OGFEk Ik nfr B2 5 A vl 6 1o R AT 52 1251

y(1,) = h(x(1,)) +n(1,) (8)
AXey(e,) e R Jy o, BEZIASCBR LI &, x(¢,)
1, BYZ IR SAA , 9 (e,) R o, B 2000 U e P 6 R
WA EMEN R AMS W2 Elg(r,)] =0,
E(n(t)n(t,)") = RS, , R AN (3) il & 7 1y
FrEHA:

%:{L k=1 (9)
0, k#I
K LA 7 A2 (6) R AT 2% Wy JR I, Z W = [y 30, iz
22800 15
y(i, + At) =y(t,) +z(x(1,),At) +
A(AL)S(x(1,))d (1) (10)
e e [0 + Ar] BRBCRAEHRIE E R A
R At =1, -1, -

A(At) e R™™ HXHML EMICE R
)\ﬁz(:t!)m,jzlﬂ,---,m (11)
s p, RGBT R (6) i b (2(1))
HEATHE SR, JF 4 *(0) IRAJR, d(0) fE—JE %
EUCHBL, b (x (1)) B RAR BT B UK

z(x(t,) ,At) e R™" I jATCE N

A)' ,
i) = 1,2,m

4@%%&):2

(12)

Krs Ly (hy) by 6T £ k B2 80, 8 IR
Ly(h) = h,, k=0

. oL (h,) (13)
Lj(h]) Zfo, k?l

S(x(t,)) e R™ HEE j470E N
S, = [L,[L""(h)] L, [L"" (h)]
L,[L"" (k)]
j=1,2, m;k =1,2,-- ¢ (14)
A g BRI d (o) YR, g, R G(1)
M55 kSIICEK, L, KT g, MR EXLINTF
LJMﬂw»1=Mﬁ;%Qk (15)
e WE A5 /B 5 25 o T AR ) k152 2% A
A5 2 AT 7 e/, B T X 5T 28 Bk o 2 it
71 H EE B NPF s 00 58 LIS b5 e R -

Jld(t)] = %%&(ﬁk + A1) —y(t, + A1)} "R -

3 4 A =5+ A0 |+ (D WA

(16)
o Woe RY 2 0F @ BB i 25 Ik [ s i T
KRR RAEE, W y(t + At) = y(t,,,) o NPF H ik
BTER A IR Ar R (16) B A5 & /N 1H 19

() . et (10) 4 At (16) 54 MLAWD] g

ad(t)
EIE JTd(0) ] BN R 22
d(t) = — [[AA)S(R) ]'RA(AD)S(%) + W} -
[A(A)S(x) IR [z(x,A1) -
y(t, + At) +3(1,)] (17)

BT X5 i o T A R ED R (6)
Fxt x (1) Zhid G UK S A R A R i 2
d(t) PIAE X ST KR [ BB, by ke,
h, (RGN 2, B p, = 2 . B SR
AR

Dh, = h(x) = n Ry (18)
Lh = [n 0,,]"f (19)
Lh =0, n]1'f (20)

el (18) ~ (20) fFRA(12) ((14) ((15) , #4514
AR A A T

ACAD) = (8D, (21)
2(2(4,) A1) = A (h) + (8B (h) =

A 0,07 + (A0 [0, w1 (22)

S(x(t,)) =[n = n = om0 (23)

MR 1y, BN y ey, ) B HE LT
B kO 20 R 2SR T X)L A e
y(t,) ARA(17) ~ (23) v SRAFBE R 5 25 4
d(1,) o B d(e,) FRAS(S) R Y B i e 3%
VAT B Ry, AR, B 200K S A
x(t,,,) o

WA LI A BT LA, NPF () 525 S % v o K
ENIOE|SoSIZGIPIE 25 M0 L L b i R Nl A 2
5 FR L1 5 45 0 T 51 i A R A 2% 4 R £
W AT — I 20 e B A Sl 30T B
R2% M6 0E R G HLIE B 1 R AN SRS



1252 T

il 36 %

MEARSMITHEBET /. WBEMES SRS, X
SR O X AR LA W IR 25 7 R R AT Ze ML AL
T AN AR A A AR T 3R 22 5[] I ) X 468 280 45 22 9 A7
FELAG T, S I 18 1E AR S AL, b i 2 v 5 0 S
R

3 hESH

3.1 fiEF&M
VMU KRR " ™ BT PR L R R
23 PRI ALK A HUIE , 36 UE T 48 5 3 A TR s S I Ao

Ras B F PR AR . Ul A SCT7 T
AT Hb 29I T M S AL 2 — 7 T A R AR
BUBHEATO AR . BUEM DT SR 1 iR,
=R A AR R B E B ST B4R A 18, 90 46
(AL R 2 BB AR AN 2 FToR o

YEHL PSRB1821 — 24, PSRB0531 +21,SRB1937 +
21 MR LI v B, Z 8k 3 fir s o XS 2R
WAMEA A = 1 m* | X LI SRS B, =
0.005 ph/cm®/s , T, = 500 s , Jik ot B 9 BE A% iF o
mnk 4 fn.

#1 MAHHESH

Table 1  Orbit parameters for the spacecraft
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B1937 +21 294.9107 21.5831 .56 0.021 4.99 x10 73 86
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Table 5 Estimated errors with different filtering algorithms
NPF & Uk % EKF 7 UK JE
iR LRI A Al TR 22 TP Al R 22 A Al TR 22 TP Al R 22
B/ (m) M/ (ms™h) ¥ I/ (m) B/ (m-s™h)

KRB E S 75.5487 0.1576 793.1747 0.8732

4R S 76.0763 0.5374 774.9504 0.9075

b3 —%= S 85.9686 0.5379 821.5616 1.6332
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