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Fig. 1. Flow chart of attitude parameter estimation of space object.
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Fig. 2. Observation diagram of the on-orbit three-axis sta-
bilized satellite.
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F 1 HEFEE SN TENHUEESEL
Table 1.  Orbit parameter of object satellite and
observe satellite.
g PR DR PUBMT el THseal ELA
[k R/() f/(°) WA/ () ALE/(C) /()
EE
TR 42378.1 0 0 0 181.803 0
pURI
TR 42408.0 0 0 0 184.860 359.93

i TR R, TR AR SR A B s
L, WA IE A6 K FHBE FL Tt R, 35 iR A MR
B, AR WA ARA LA, XA VLR
(RT3 0.04) FIAPLAE (K3 0.9), H R
P DA BRI S 5 200, AHR ) R L S
B BRI B SRR, R A BRI 25 AT 6t
HAEARFDCIED BT 9 SRR A i &, 71 H
XL 2543 A pR B (B BRDF) BEATHl A, LA
ok 45° 0], AT W% B (380—780 nm) # a4
PP RE KK B Y Y BRDF Bl K 55 5 4 £ 738
fERgh NIz 5 Fiw.

4.1.2 AyE4%

BT EREEFRAE L MORRRE L BB R R IR
AR Geket, 05 B2 A WOOEEE S, Hd 8 41
PAAE B FPOEIEAS = i 6 PR,

2 WERNRGESE
Table 2. Detection system parameter of observe satellite.
e JGHESERE /nm M B A% /m FEHE /m TR/ N BIERGE /m BRI /rad
KufH 10 0.1505 0.8 512 x 512 1.5 x 107 1.8750 x 103

60

_é.?ﬁ 40

20 o
Yug, 400 g ﬁ%%@’ﬁil ©
& 5  #1# BRDF i KA 5 M K &R

60
Q)

600

; 40
Zefe i,

2;%%ﬁ%

400 0

(a) A4 (7 4k BRDF; (b) BLAL#E BRDF
Fig. 5. Material BRDF changes with wavelength and reflected angle: (a) BRDF of body coating material; (b) BRDF of solar panel.
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600
3 NIRIDGIE BB o B (a)
Table 3. Two-facet characteristics difference at dif- 500 |
ferent wavelengths. 1
B 400 f
Feig i /nm o SeIEE K /nm o =
400 0.1593 600 0.6664 & 3007
450 0.3850 650 0.8574 % 200 F
500 0.4576 700 0.8284 =
100
550 0.5862 750 0.8031
00 2.0 4.0 6.0 SIO 100
AT LLE ), 78 400 nm AMZFEbR(E R/, BIAR Rt/ ()
RS WARE B 22 /0N, B A AR S AR (5 S A G 600
TR, RS AR FE o MU K. 52 ol
FEXF Y, #E 650 nm AR TR AR RR, LR AR T,
R vher , N @ 400
WUARfE B 22 R R, FIFESAT, HiEi 650 nm %
VE R BT BB LT B é 3001
A 2001
422 FEMER <
. 100
EXF AR TR | TR HLE S EE ] WOGiE
B 8 AGiE I B AR 2 A B AR PG R 2R, 43 % 20 10 60 80 100
St/ ()

ST R T RO DGR S i . T H AR
AR 2P L, HARUIR F K BH BB FL 1t L
FOCEARGE R B, TEXT BTG R S i A T
SIS, A K WA 19 308 53 20 18 2 B4 7 L X
1 [0.01 0.5] WHR{H, EAGZEIRANZE 4 ).

#4650 nm SEEHLER

Table 4. Parameterreconstructionresultsat 650 nm.

3 ENTN AR
5
Ay - b 1 Ap - bi i

1 0.1722 0.01 0.0003 0.01
2 0.0248 0.02 0.0103 0.02
3 0.0102 0.04 0.0837 0.04
4 0.0517 0.05 0.1046 0.05
5 0.0312 0.07 0.8049 0.07
6 0.0083 0.08 0.1153 0.08
7 0.0137 0.10 0.0489 0.10
8 0.0077 0.20 0.0345 0.20
9 0.0002 0.30 0.0003 0.30
10 0 0.50 0.0103 0.50

650 nm G B I A A SRR (9 52
PEEM LA 7 iR, TSR EAE R H R
REfR AR AR BB PG AE S, AnlEl 8 Fs, AT
DVE 1, 2 5 I an i 5 i, iRk
He = |Psim — Prec|l, < 1%.

Pl 7 650 nm B T AR LBOLHFEEEIML  (a) A
AR 3R T O 2 R M TR I 2R (b) WLAR 2 T D't 25 e 1 A
£k

Fig. 7. Optical characteristic reconstruction curve of body
and solar panel at 650 nm: (a) Reconstruction curve of

body; (b) reconstruction curve of solar panel.

4.3 HEHBRESSHMLIT
431 B YHEEHEGETLER

23] HFRM 2019/3/21 5:30:00 JF4h & 225
Ak, B8 Y RhLL 0.25° /WU £ 8 RE A e o), RIVE
SRR R FLAE R p* =[0 0.25 0], 650 nm i I B
X IO (B 7 Y BE A 5D FLAE RANE 9 FroR . XHEAS
PTG, 455 pt =(0.0237 0.2472 -0.0198], 5
HAEMIRZEN

e=|p"—p’

4.3.2 B 7B TER

23] AR M 2019/3/21 5:30:00 JF4A & AR 225
Ak, B8 Z LA 0.25° /W0 £ 3 BE S U 5y, B
£ W ELE R p* = [0 0 0.25], 650 nm i I B
Xt I AR S AR 10 FT7R. XPEEASHEFT IR
I, 255 R pt =[-0.0125 0.0223 0.2458], 5B
WEHNe = |lpT—p*|,=2.59%.

|,=2.41%.
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) F 5  TEARFARA AT IR 2L A
00 50 4'0 50 50 Table 5.  Estimate results of attitude angular velo-
it city at different phase angles.
THR iR 2 AEXT
K8 R GIE{E 5 H A4S (a) RIRFER LG (b) I ARBLAA/(°) Y rad- Wi "% /%
4 . — 4
AR LR (c) A8 P A 45 3 0.0125 ~0.00182 0.2567]  1.43
Fig. 8. Reconstruction result of time-series spectral signals: 5 [1.35 x 104 0.0176 0.2489)] 1.76
(a) Reconstruction result of body signal; (b) reconstruction
result of solar panel signal; (c) reconstruction result of total 10 [-0.0163 -0.0034 0.2567] 179
signal. 15 [-0.0125 0.0223 0.2458] 2.59
, 20 [-0.0233 —0.0028 0.2742] 3.37
B,
4.4 Ejuﬂ%ﬁjﬁ- 25 [-0.0132 0.0321 0.2533] 3.49
4.4.1 #B{iﬁ %/;"I%J 30 [0.0713 -0.0019 0.3057] 9.05
35 [-0.0679 0.1301 —0.1986] 47.25
— N S A
H B T R, HAI A (A S5 o i

7 16 0 ) BRGS0 25 . R [ AL 3 A
TRURZE 2B 0.25° /Wi frde e sr et s, fiibag PRI, RIS IROR, (UGS, 807

B A A T B 5 TR 2 RIS B L 5. TR ZEHIR; BRI 2B A AL R T 35°, A
M 5, YR EEE 2 AR f e 25° L) I RSP BA MG, BELUAZERE
i, YEAS IR IETE 5% LA, MRt ZIRAR G 2, MORE SR B TR AR
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4.4.2 FAAREM R

XA 11 Fr7s B HA LR AR IZ AR AR H
FREA[RIRE AT T 05 B S, MR S e 4t R B A
(£ 5 iR it 2R i 1R 25 Nk 6 g,

11 AR A RIE R 69 B bR A
(b) BRIAARNE; () AHAEAIL

Fig. 11. Object model with different body structure: (a) Cy-
linder body; (b) sphere body; (c) hexagonal prism body.

(a) 6 A% 1R 2 4k

* 6 ANIFBERER LR

Table 6. Errors of reconstruction curves with different
models.

R BIRfES ENSERE WU A5
BRiE 41.68% 61.24% 26.77%
IS 29.77% 46.73% 23.82%
INBAE 3.56% 15.09% 1.21%

MEAEER AT H, S5k m g m sty
7 T8 B T TR S A, 5 vA RERE S T A
BIRORERE S . 2O RS T AR L i A
AREAY ) o A AR Shy o T )15 0 15 R P AT
4.4.3 IRMBRF A

ARSCTEA EAS B MY 650 nm F Y PG i% 4R

RS (A 9 FE 10 FiR) MFEalE, BEBOE
UG 10 nm JEFE TR 155 645655 nm 1%
&E’JHTJ?%LEEE%’% F TR M e ] SO e
FFErE s RIS IR R S (signal noise
ratio, SNR) EI’J e R SR Y e
WEIE R R, ARE SNR 41F T RS R HSS
RN 7 Fry), R2E Mg 12 s, A 12 )

DIE H, BEE WS (5 M Leisi/)y, RO 45 R 1
TR R Y SNR = 10 I, IR ZETE
2% LAN.
(a)
1.0
x 0.8f
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fEM
12
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10 +
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X
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Fig. 12. Error curve changes with SNR: (a) Rotate around

(a) L8 YVHlE#H; (b) 2%

Y-axis; (b) rotate around Z-axis.

e NG A WL A AR P

Table 7. Attitude estimate results with different SNR.
(L3 28 YilTieRe Le 7R

SNR =1 [8.3448 x 107 0.2437 0.0081006] [0.069 0.074087 0.21274]
SNR =3 [4.5801 x 107 0.24959 0.0072132] [0.0853 0.003516 0.27007]
SNR =5 [1.9843 x 10® 0.25191 0.0072818] [0.073 1.1668 x 10® 0.26576]
SNR = 10 [1.2073 x 101 0.24933 0.0057039] [0.013255 2.0514 x 10® 0.25114]
SNR = 20 [7.8452 x 107 0.25027 0.0059434] [0.007916 4.4372 x 106 0.25177]
SNR = 50 [8.8736 x 10® 0.24997 0.0047093] (0.009675 2.0484 x 10% 0.25056]
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Abstract

In order to estimate the attitude parameters of space objects under the condition of space-based long-
distance observation, a hierarchical solving method based on the time-series spectral signal is proposed to
estimate the parameters of surface reflection characteristics and the attitude of the space objects. The first step
is to let the space object in three-axis stabilization state be equivalent to a two-facet model. Then multi-level
fusion model of bidirectional reflectance distribution function (BRDF) is introduced to describe the spectral
reflection characteristics of complex material surfaces. Based on the time-series spectral signal and its model,
the product of area and spectral BRDF of the two-facet can be reconstructed. The second step is to set up the
two-facet characteristic difference model to select the optimum wavelength based on the maximum of the
difference thereby minimizing the influence of coupling characteristics on of the two-facet on attitude estimate.
The third step is to construct the time-series spectral signal model under the change of object attitude. The
objective function is defined as the error between the model data and the measured data, then the attitude
parameter can be estimated using Levenberg-Marquardt algorithm. The simulation result shows that the
method is more suitable for the object with cube body, and the error between inversion value and real value will
increase as the phase angle and the detector noise increase. When signal-to-noise ratio is greater than or equal

to 10, the inversion error is within 2%.

Keywords: space object, attitude estimate, time-series spectral signal, visible light, bidirectional reflectance

distribution function

PACS: 42.15., 42.25.Fx, 02.60.Cb DOI: 10.7498 /aps.69.20200098

* Project supported by the National Natural Science Foundation of China (Grant No. 61705052).
1 Corresponding author. E-mail: houqingyu@126.com

214201-12


http://doi.org/10.7498/aps.69.20200098
http://doi.org/10.7498/aps.69.20200098
mailto:houqingyu@126.com
mailto:houqingyu@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

