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Spaceborne Long-Distance Tracking Method Based on
Adaptive Vibration Suppression
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Abstract In the field of spaceborne long-distance non-cooperative target ranging, usually the target is weak and the
imaging frame rate is limited, and thus the target tracking ability is limited and influences the ranging distance.
When the spaceborne long-distance non-cooperative target is tracked, the main source of tracking errors is body
vibration. In order to enhance the active vibration suppression ability and improve the tracking accuracy of the
system, adaptive control is used to realize aiming control of targets. Aiming at the problem of difficult data fusion
among different frequency sensors, we use down-sampling to achieve adaptive fusion of low-frequency camera data
and high-frequency inertial sensor data, and simultaneously confirm the effectiveness and correctness of adaptive
filtering under down-sampling. At the level of algorithm implementation, an affine projection algorithm is selected
to achieve data fusion considering the problems of slow convergence and poor steady-state accuracy of the classical
adaptive algorithm. In the data fusion simulation, the micro-vibration model of the satellite is used to verify the
convergence speed and the tracking accuracy of the fusion method. Finally, this method is applied for the actual
tracking system and the experimental results show that the tracking accuracy is superior to 5 prad, which meets the
tracking accuracy requirement of long-distance non-cooperative target ranging.
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(c¢) camera data under 1 s time length; (d) inertial sensor data after down-sampling

P AL TR EA T B SR A A B L 9T A5 3 1) B 20 R
5 R ERAHAL BT B W 14 4IR 3 AR AR B 2 A R A9
ARHLECHE BT 14 1 Ja% 2 54l 1) R DG 1 T AR 15
5. MR XA PLERHE #EA T B 3 R A AT DLAS 3
B RAENG G0 T 1Y B AR A AL E AR B W 4 Fros, K
Si2k ideal NIRAM HARE SN Lk, Lk cal W&
3 IS 1 2R HAriz shith £k .

400
200
E
<
)
2 i
£
5’:‘ -200
-400
0 5 10 15 20
Time /s

4 RERAE TS B M 1 SR A i
Fig. 4 Inertial sensor data after down-sampling
M & 4 A LUE B AR 00 067 B 15 5 28 A %
B PR i A 4 (A AT DR AR 2 1 kHz RAF

N B bR Y A AL E B S [R) BR JE b 0 15 P AR
SRS ECHE 5 A 35 0 8 A% AT LAAS B A HLAL 1 B IR
SNfE R . FERERAEIE BLT o 38 N U8 I 1) 55 250HE (&
WE S iR, o r Co) g XM AL B2 B0 = (&)
HEAT SRR AL B BT 115 5 .

406 [racking] S0O=Kima N L e®
camera
(k) 7(k)=a(kN,) v(k)

w (k)

/ ) adaptive
algorithm [

&l 5 BESRATG B0 T 1 A I R 8 Ik I 2 R
Fig. 5 Principle diagram of adaptive filtering

in case of down-sampling

Bk q RO R 2 (R 435I B RGTE 1 kHz 2R
FERTT B AHAILLE 5 RS PR AR IR AR5 5o s (R ) S SEBR
BENAINAE 5, N N RFE R S8 M R
B m IR AR B TS 0<m<M—1,

AT E] s (B 5 q RO TEMB AR RN

S<Q):KLPFQ(Q/NS)7 (@)

2212003-4



% {5

QAR S (Q) g By fE B AR e 4%
QWQ/N DN q ) 1 BL AR 40 25 5 5 Ko Ry (K38
Uk 7 3 AP AR AL SRR W R AR AL TR R R AR
TR B« (k) AT SR FEAL B, (8 7] LUAS 21 5 A3 HL
G55 s (RO BEAMF FES r k),

B () AR w, o W]

r(k) =Acos(wek +¢) (2)
AP A NIRI AR SE 5 o HBIAHAL
w,, (k)N b W ZIE m AR AALE , 0 g [ I
NEJEWE P25 e (R Ry = B 20 35 08 I 1Y 1R 22
Xt w,, (k+1)=w,, (k)+2ue(k)r(k—m) R HT
i LA 4, 15

_eA 1
W () =55 X exp(i2) — 1

{expGo.) X E{explj(Q2 —w) ]} +exp(—je ) E{explj(Q + 0 ) ]} ), (3

K W, 0w, G B LI AR EE R s ECON e RO MR A 50, =0 —w i .

M—1
X R IR R v (R) = D w,, (B)r(k —m) BT 8 AR 4, 75
m=0

M—1

V) :72 {exp(Go )W, {exp[j(Q2 —w )]} + exp(—jo )W {exp[j(2 +w,) ]} ), 4)

2 m=0
PV g o (o) B LI 28 8 45

B O AXACA (O, I HAEDE UL A B e M BRI, /T IS 3 [ 35 R 8 7 14 PR 3R 1% 3 ek %5, B

EW@) _

exp(j202) — 2exp(j2) cos w, + 1

5

S exp(j20) — 2(1 — uMA” /Dexp(i)cos wy + (1 — uMA*/2) °

LA M, ORE Q=w, b DT, XE
BB A AR B0 530 28 e [ 1) R R Ak L )
FH A O O 5 % T LA B R AR ALAE B s G AR Hy
w, BIARBNAE B, T i R 2 A] H bR e B ER AR AL L BT
A SRE NP ER VA el A 51 S/ A7 T N R 1 S
w o » PRI B 2 ) B 7 R R A AL L P B 1R Y
AR S | NE R R 3 AL

4 iSO

N TR THE S LMS(Least Mean Square) H &
V7 08 YR B v (MOS0 B , Maouche 25 VR T
I 3k 2% 8088 15 5 19 05 3 2 5% (Affine Projection,
AP Rk, PSP BOE A R — P T LMS 1 I A
Sk H AR AR S BA M SCHE R B0 T B BR
WS RE o T TR IR B 7E — i I (R] P A
B W AH DG PRI AT DL AR G b A1) R O S 4% R
SEIRIR AN . SR H L T SR A 10 07 S R Bk S
PEAHALECHE 5 1501 £ SRS 000 il 1 5000 it e 11
K6 B Hod I o B i By AR/ 2488

TEEL 6 tf AR AR B R 159 3 B B s « (k) Bl BE
RFEALBRJE A2 g (o) s H 5 AL 2 A B ds s (&)
HEAT A 35 IR 45 B H bRz a5 B e (k) 5AHPLAL
MIRENE R v (k). TEFHBOE LD B FER A
BJE L 41 A0S R a Ol S O B R
R, (k) LG s, o) W07 5B L i 2 2
1., (k)K

v

w(0), L, (0), 1,
*4
s(k), x(k)

v k=k+1

7(k)=(kN,) A

v

v, ()=R’, (kK)w (k) W () =w (k) +uR ()[R ()R o () +yT | 'L, (K

Y A

1,,(k)=8,,(k)-R, (k)w (k)
[

K6 HdmiER
Fig. 6 Flow chart of data
Lap.o (R
Lapn (R
l,(k)= . =
anvL (k)
5., (k) —RL(B)w(k), (6)

WA R BARE G R (k) =1, (k) NFK
R 50 Hz B AR » H bRz 2 405 Sk AR A, % 3L
HEATAR AR AT LS 3] 1 kHz REER T BB ¢ (&),
TR A TR A 5 U U A A T A w (k) A T
ER A5 5] #F 1 kHz SR FER T AH AL AL A 4R 35 5 B
v (k) , Bl

2212003-5



ot %

% i

v[20(k — 1) +j]=
2[20Ck —1) +j] !

200k — 1 j
wL20¢ , )+ Xwk)s ()

2[20(k — 1) +j — 1980

Kb MR E AT S 1< <20, T &0 LA
e(k)5 v (PR E] 1 kHz RAERT £ H &R 500 4 il
BEE L H %5 89K sh FSM (o] L ff H br ik T
AL b s SEBEXT H bR RS o BR i

5 A E NS

R T XHIR S AE BT R L AR 2 B 5T AL
FEE X DRV G IR SR IF T 5%, 1984 4,
% H TR A Landsat-4 TR b Y 0ok B8 £ & 2%
XHZ TEAT T iR e, 78 1990 41y
SILEX i &I oy WM L K 0 45 i T {5 T2
OLYMPUS Hy4i% 8 oy % 13 2 i LA sR 5 L B

160

s 8
e (8

S(f) =

K R BIR

*E%E*E%EEJLT%H TR £ SRR Sl A5 R )
o — R B D ARG A = A R B IR 3 2
il %ﬂnﬁﬁﬁk YRR EELERAE 100 Hz BIT
3R B R (EL Bt A3 3R 14 T i TS B
5.1 HEMEHE

AR 3C 4 K IR 3R R 3R T R T T SR IE
P BT B ) 5 T 3 SR AR 9 3 7 908 94 52 B
Al AT X AR IZ 3 5 B e (o) B3 JRURE J1 15 A BIL
AR B A5 B o () WY IR JELRE 1 BEAT T Kt 07 B, 9K

100 | &

50

Amplitude /urad
(=}

Amplitude /urad
(=)

0 10 20 30 40
Time /s

Bl 8 1 Hz#R3h T B AL A AAH LS . ()1}

AP B 500 —4k LMS(Normalized LMS,NLMS)
FORIEAT T, Horp AL S 50 Hz, UL
JRESRBERN 1 kHz, 8 N I8 45 19 Bk 100,
YN 4. HFRs g ih 2 2 0RO 100 prad 1)
0.1 Hz IE5%(F5, anl&l 7 frow.,

100 /\ /\
50 "/ \\
/\

_;i: / v v A

0 50

Amplitude /urad
(=]

Tlme/s
K7 Hipizghih
Fig. 7 Motion curve of target

7 3 B P IR R 2 A 8L 05 L 5 A S
B IRENE S E MR N 100 prad £ 1,40,80 Hz 1E
5eAE T s A8 T LRV IR B0 05 B % 22 T ARG IR S AT
A (8) 30, TR AR AU i 2l U5 2 3 ok I A8 e S
FI I P AT IR BOR S BLAY L JF B I = A 2 4R
PR3l AHLI AT B K dE i 3 ARz 3 AR 3h 3 W) 4
B AHAILAL B9 i 3l R0 80 5 188 1 A2 S A8 Ak 9 ik 3 R4
TESAR FIE AR A B TEIR B R AR e R IR H
AR AL EC IS AR XoF 1501 % R 5 A SE
5.1.1 ZZFHRRKD

75 1 Hz R0 B0 o 153 A% A8 15 21 /Y Kbl Fn
AL 2 A9 K dls an & 8 Bk

600

(®)
400 i

200

—-400

~600 ! ! ! !
0 10 20 30 40 50
Time /s

T AL IR 5 (b) AL

Fig. 8 Inertial sensor and camera data under 1 Hz vibration. (a) Inertial sensor; (b) camera

SHF AP Bk 5 NLMS 5k ) K 8 i
HEAT IR, 8 5 1 H AR 2 S E B 5 A LA 19 4k 3
ﬁ:w\ﬁnlgﬁﬂ_\‘o

HE 9 FEE R LIER . X F 1 Hz 8935
LM AP B BE AR I s S PR H A iz 35 B

4 348 ORI BILAL 9% 3 15 B B . 7ERR S B Be . AP

2212003-6



{5

i

600

300 A

(=

-300

Amplitude /urad

600 }

10 15 20
Time /s

(=]
T

Amplitude /urad
I
(=3
(=]

600

3.0 3.5 4.0
Time /s

9 1 Hz k3l T BARFAHHLA R 3 {5
(oW Sy BOARBILAL ) 41k 31 15 8,

2.0 2.5

BRRIEZER,
s (DFRS

Amplitude /purad
(‘Ia.') wW (*2] ©
S o & & S

|
=2
S
T

46
Time /s

44

600 [

300 [

-300

Amplitude /urad

ideal

~600 - — NLMS

49.0 49.5 50.0

Time /s
() Y SE B BL Y H A AE B (D s
B B B PR 3 5 B

48.0 485

B Bef BARFR B 5

Fig. 9 Restoration results of target and camera vibration information under 1 Hz vibration. (a) Target information at

convergence state; (b) target information at steady state; (c) camera vibration at convergence state; (d) camera

vibration at steady state

R IR R 25 5 A B ARz sh il 2 iR 228
0.96 prad, 5 i A I H AL AL 1 B 2 15 B 1R 22 R
1.61 prad, f H AP 53609 0 SIGH B Lt T NLMS
k.

FIFH [FIARE 9 75 % % 40 Hz F1 80 Hz B4R h ik
i BT . Hob L 7E 40 Hz #2301 F . Hbriz i {5 B
S ARBLA PR 2015 B B3 R 25 R an &l 10 fios .

10 AT R, X T 40 Hz RSG5 7
FaASH B, AP B R 45 R 55 A M B briz o
MR YR 22K 0. 77 prad, 55 A B AP IR 3015
BIER 2R 0. 78 prad; [AIAE X T 80 Hz B4R 317
SOERRA B B AP LA R A5 R S A B bR
BHMA AR E R 0. 77 prad, S A BAHPLAL 19I5
G R MR E R 2. 82 prad; H AP BLEETE 40 Hz Al
80 Hz i 2l 7% 1 F i e S5k i b B &8 Pt 7 NLMS
k.

5.1.2 EERAKF

ST TR b AF AR Y SRR S 1 0 HEAT 4 AT
EExbi /2 (8) X% 22 T 4% 1Y 4k 3, W 0 iR R
100 prad B9 1 Hz 4&3) &N 20 prad 1Y 40 Hz $&

BHHIEE A 5 prad B9 80 Hz #i% 3 318 HAE M ¥k 3h
A A5 30 (9 B A A B S AL an ) 11 BT

FIH AP 23 F NLMS 205, 1 M A 8 2% 5k
Pt 55 AL e AT B LG A5 3 B bR iz B E B
AP R S5 S 12 Fis,

ERASN O T, AP Bk 54 2 1 B 45128 3
M iR 224 7. 45 prad MIHLAL IR 3015 B IR 25 4
8.30 prad; i NLMS 5533155153 3 19 B #r iz 20 ith
LR 2N 14, 65 prad, ML IR SR B IR 2
12.53 prad, A LAFE H, % F 1A #8 Bg o) 4 A,
AP Bk S B AR SIS BT B AR (S S AR BL
bR A5 B8 B RS BE YO0 T NLMS 5k
5.2 RHEZLI

T S RO I B R 2R 5 H R AR SR Y O ik

FEAT gL 18] 13 A RGP K 545k 18, B

PRI A O & AT O 5 — 4 e i SO B
AN B2 WO A A A R B BRI A AL LR R B LA
AR WS RARBL I L M T 6 1. Hob B ER
AHMLWISE R 50 Hz, 43 B R 20 prad; W O AH HL il
BN 1 kHz, 0B K 5 prad; BRI REER Ny

2212003-7



i

g3

600

300 fi!|

-300 it

Amplitude /urad

-600 F |

1200

800 |

400 k14

Amplitude /urad
(=)

-400 {2

800 |

-1200 :

2.0 2.2 2.4 2.6 2.8 3.0

Time /s

{10 40 Hz ikl T B b5 AR HLAL I 275 B8 S 4

Amplitude /prad

Time /s

1200

@ .

800 F —— NLMS

400

0F

Amplitude /urad

-400

-800 [

— 1200 1 1 1 1
49.5 49.6 49.7 49.8 49.9 50.0

Time /s

o WS Be iy B AR5 B s (D RSB Bry BARfE 85

O WS B BOHBLAL R 3 15 B 5 (D AR B BeAb HLAL 1 4R 3 1% &L

Fig. 10 Restoration results of target and camera vibration information under 40 Hz vibration. (a) Target information at

convergence state; (b) target information at steady state; (c) camera vibration at convergence state; (d) camera
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