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Extended State Filtering With Saturation-constrainted Observations and Active Disturbance

Rejection Control of Position and Attitude for Drag-free Satellites

YANG Fei' TAN Shu-Ping® XUE Wen-Chao® GUO Jin** ZHAO Yan-Long®

Abstract The joint control of the drag-free satellite's attitude, the relative displacement and the relative attitude between the
satellite body and the test mass is full of challenges because of the external disturbance, the input noise, the observation noise
and the saturation constraint, the input coupling and the state coupling, etc. This paper introduces the extended state Kalman fil-
ter to estimate the system state and the system disturbance, and employs the active disturbance rejection control (ADRC)
strategy to design the controller. For the drag-free control subsystem, the extended state estimation algorithm with saturation-
constrainted observations is proposed, and then the multi-sensor information fusion algorithm is presented. Via compensating
the external disturbance and regarding the coupling relationship among the system states as the internal disturbance to be also
compensated, the control system is transformed to the “integral series system” and the joint control of the drag-free satellite is
achieved. Numerical simulation is included to verify the effectiveness of the method.

Key words Drag-free satellites, active disturbance rejection control, saturation constraint, extended state filtering, multi-
sensor information fusion

Citation Yang Fei, Tan Shu-Ping, Xue Wen-Chao, Guo Jin, Zhao Yan-Long. Extended state filtering with saturation-con-
strainted observations and active disturbance rejection control of position and attitude for drag-free satellites. Acta Automatica
Sinica, 2020, 46(11): 2337-2349

HBEREE J 737 [ HC AR A5 B S W H Bk P9 ) i
ZERIII AR AL, X HLER 37 K 7 SR, A

Wieks H 41 2019-07-05 3¢ H 1 2019-12-08

Manuscript received July 5, 2019; accepted December 8, 2019

2K AU R TR (2018 YFA0703800), B X H AR 4
(61773054, 61633003-3) ¥t

Supported by National Key R&D Program of China
(2018YFA0703800) and National Natural Science Foundation of China
(61773054, 61633003-3)

AT ZE VTR

Recommended by Associate Editor XU Bin

L AR BHBOR 2 B a2 B JEa( 100083 2. Jbat= ] TRERT 7T
it JE5T 100094 3. A [E B2 B HSE 55 R GUR AR 5L B 2R G g i 5
AR E A5 100190 4. Tl FEAIR B E M E R s =
JE5¢ 100083

1. School of Automation and Electrical Engineering, University of
Science and Technology Beijing, Beijing 100083 2. Beijing Institute
of Control Engineering, Beijing 100094 3. Key Laboratory of Sys-
tems and Control, Academy of Mathematics and Systems Science,
Chinese Academy of Sciences, Beijing 100190 4. Key Laboratory of
Knowledge Automation for Industrial Processes, Ministry of Education,
Beijing 100083

PEFARBAT MK E 1R Z 1% 55 B S8 564
(RIS, DAl e A Bk e 7 5 6 R L T o TR 4y
AN I 1A E A AR E TR 1O A Rus1E.
TG 4 B 45 ) AR 2 E g BRI 2 T ) G R R 2
—, HHIZ R TAMEER T EZ R T T
M, {15 L EEHERE 734 ME R NigqT, BT E
aig| JiEiE b R EEm S 2RI E T
PN KA BE 18 1% (Drag force or torque), KL E
AN 3 R T o e 4 ) AR AR KRR T B AR )
B ATcHE R T2 (Drag-free satellite), HA% il R
@I N HE Az R4 (Drag-free control

system)® ™,



2338 H 3

46 %

¥

PID {1y —H 2 g gz il 77 %, AR 2 53 B
B 7 oA B R AR R X Rk 7 R AR E
B R, AEXE LAV BRI S) 0T, £ X% GP-
B (Gravity probe B) T R2IE AT T 0 B 1H A 1%
L, SCHR [5] %) P B Rk AT 7kt K
M7 EIE R 2P IR B A EE, IR PD %
BV EIEAE R Ay, SCHR [6] K P R B 425 ) B8
T 7 GOCE (Gravity field and steady-state ocean
circulation explorer) T & [ Jo e B AL A 45 1 (1) 1
b ot WS R R st R AR E ) —
A 0] R e PR, AR 25 R H Hoo B 772K M
YeiX — [l SCik [7] B &R FEA S Z B ir
A TT AT T Hoo 5 85, RN R THH & T
W2 24T, LAMRIE GOCE T2 Toie AT 5%
PISEEL. 2 &R BEEE (QFT) J& —Fh2E Tk &
e vt Be, v T B & E A E T RS
28151, SCik [8] M A QFT X LISA (Laser in-
terferometer space antenna) L2 1) JoHE L AL 545
Hil RGEBEAT 1. SCHR [9] KRR T R H T
AL PRI HE B, TR I 2 A ) . SCER [10] is A
FRES 8] Lyapunov 2 @ tEFIS 111 7 LR L2
i) 22 45 B A B B T 42 1) 2

AR ZHITTER R 7 o s, H5EkR
T L IE S I e RS T B ARG <<l A o B ) T e
WL IGE 2 R AE A B, Tk, 245
WA AL HERR IR SRR, AR HE CHAMP (Challen-
ging Minisatellite Payload) £, K BLIR A Al B8
bl DA Py g ABE B0 R 2 JR) 240 LIk, =1 FE AR
SRS AR &, (H AR, AER T )7 R Ik
FEAR S By =k FE AR I B B A, B 245 5
AL R BR . A, 38 18 AN E F
A LA RCIRASHE G 55 25 7 THI (1) 5.

LREHIEBIX LR 2, A BRI EOR
T JoHe R A BB . | P il &g
T3 I S AR i BRSO JE SR &k A
Wit R R B M T — & RG] Eag0,
H T B P s s T R S gm0 B A
L B R RN O . B ) SRR AL, S AR TR
AR AP G| L EAR. E 2 AR A A B AR EE PR 5
FE5%, SCHR [18] Wit VLS HIER S RGN H T
Pl ds, U7 B85 R, 8Pzl ds i o AE 4
GRS R A O B AN MG RGN
il ie) R R 0% BT AN (0 45 1 R D R 4%
H & S5 1 ZEUR AT N SN BR 28 A5 2 kG FE AT 4
AHRE FEMI R, SCHR [19-20] X K48 LS F0E
BEECR A B B s ml s R it 18l g, £

B AS T RIFRCR.

YESRN B Bpds i SC BT B9 FKAR A LI 2% %
THELE A2 B 7T 72 KyE. Sk [21] 51N T 5
PINE K JE L PE Y ARSI B3 BE AT e AL NS4
A CATET A T CAE. STk [22] B H R GRS R4
FEINEE (M) Dy ) 2% 3 5 R TE E S B
T, ST OGE AU 4 2 PR SIS R . B B A
TENEBNAS PR PR AE R G, SCik [23-24] Wit T
T 5IRA R Kalman JEW 28, 7451 RGUIRE
(19 [E] B SEB T X6 2R G AN e B0 A 1A TF. STk [25]
254 7 Kalman-Bucy JE U #5 A9 7R 25 W0 2% 1
LA, Wt TR T KRR Kalman-Bucy 8
#y, FEAUE B T e AR e M. B X B A AR A
FE BN )2 I B U AR AL R G, SR [26] WAL T
TER AR P FE B X 2T 1) 23 A7 SORAS Al T 1) /&

E PO i B ARLE XA Y AN P A4
77 T A FRATT 7t TG 4 B s SR 4k 1 3 () L, (A
RO D IR B IR A W #% e rh ks EL I (hn
AT A S RN A2 PR Y e R S B b A
52 PR >R ) 32 R MEAE T AR TS [ AN B R fe
FHRE AR S, A S Lok Kk R AR DI
ARET28 J GRS Al T AR 2 AR S v T T )
TotE RAE S| T RGN E AN SZ R iR S JE R
%5, HEEY IRS R /R 2UERHAT TEEaE. 78
PRI GHIREA N NI E S S PN o [ OE N =N 7Y
RGUIRAS T RS G OC R E L ST Bt AT #ME, ff
B3 RFEM A o R RGE”, 78Il -
SEEL T o R TR B A E H.

AR EEAPH A TTER ] S S5 1) AF T4
B RS B DU (BORY A — R N ) R RS
v, AR SCEN A2 R 5 R Bt 1 HER
TR PP L, Wik T 2R X A 4R 1A 1R B
KB v BEAR L IR XE; 2) FIH T8 B Rk & HR, f#
TR B BT S B RGURES (MR AR
B BEAT b THI A7 AR B BABR ZE W 3) BIN T H
Pyt BAR, SLEL T o R PR AR RS
H 2B, I T =R R T RANH
IR A BRI AR S TRENBEIIRER
a.

BT RNAENSHIT: 1 TNHELERT
R RG22 WA HBE DS 2R ), HE
SEEY RS IER FL, I TE BR G, dEm ik
T T RECA R HE. 3B 3 WA TSR, 6
4 TIRPASCHAT T g, FRx 8 R E AT 1t
FLAESAT T RIZEA 4.



11 3 P R WAL PRI SRS IR 5 o HE TR A 25 B HUs 2339

1 REINE

ToitE R R R AR R (LA 1) A PR
JiE P TBCE — s, 1 L s R A
52 R A, AT B IR A T g A
TRSY JI3ASR, 1 T 52 B A T8l i 2 A 00
BT AL RS, I $ 1) 2R Gt i o AR s I Rt
Bk, FEAE A HE ) de 0k TR 6 HEATAME, Fe e SET
PR G5B E RS, Sl <JotE 7 R

Bl 1 JoHe R RS RS

Fig.1 Diagram of drag-free satellite control system
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