% 45 5% 5 Ik AR 2016 4 5 A
Vol.45 No.5 Infrared and Laser Engineering May 2016

ETREY R+ /R 28K =579 L5 R B S AR R
WK, R A

(1. PEHFRRALFHEIRE DAL, TH K&K 130033;
2. PEAMAFRASE, T 100049; 3. kAT L KRS w458 FIREER, T4k K& 130012)

W OB, ATHARLZGN G TN BAFZHBER R EFH I RGRFEHETHEGRME, KAT
SR8 E AT @) AP 22 P 45 (SLENs) AT AL 4R B T A TRAERUREY R F R ZIR M AE a9 sk Iz 4z
FHAK, FAL ZHERZ T, 83.33%in0.6¢ #9 F 2 IE 7% B 47091k B AE 7 R KiE £ 4 0.0709(°)/s,
SRIZARE A 2.42"; 5Pk I A A5 69T A e AR RIZHE A 2] 206" VAR, WL, TS
AR B B AR E RARA B, EH R F R 2R B (DEKF) sk bk SR iz fo i itk S A2k, 54
Godrhl kAR R B T R B R F 5 0RIZE N R IR B AL SRIEHE

KEEIE: EARIE; ARZSMN; WEFTREFTRIZERS

FESES: V556;TP183 XHEFRER: A DOI: 10.3788/IRLA201645.0531001

On-axis tracking technology based on the dual extended

Kalman filter

Yang Hongtao"*?, Gao Huibin', Liu Xin'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China
3. Institute of Electrical and Electronic Engineering, Changchun University of Technology, Changchun 130012, China)

Abstract: In order to solve the problem of the declining tracking accuracy for O—E theodolite caused by
maneuvering target model inaccurate, the single hidden layer feedforward networks (SLFNs) model was
built for maneuvering target, then an dual extended Kalman filter(DEKF) on-axis tracking control method
was proposed. The key state parameters of the mathematical model were estimated by the dual extended
Kalman filter(DEKF). In the simulation and experiments, the predicted target velocity error is about 0.0709(°)/s
at the peak of velocity and the tracking accuracy is 2.42' when tracking the equivalent sine object of
83.33°sin0.6¢, the tracking accuracy reaches 2.96' when tracking the optical dynamic target with 4.5 s
rotation period. Tracking results show that SLFNs mode is matched for maneuvering target, DEKF can
fast track and estimate the state parameters. As compared with other control methods, the proposed
method has higher accuracy and improves the system tracking precision significantly.
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Fig.3 Simulation of on-axis tracking control system

4 (FESXLWSHT

4.1 EERRHMER SE

FEH AT ARERE, I i Y B2 RS 2 22 it 1A
AL FRZS 55 R AT R 4R UGB 5 S R i
How 5 T HARBECH 20, Ry 1 HERA 55 H b5 0 52
L8, R BB 5 X R I %0 2 5 5 i Ak B 7
PO, TR R, LD AME PR A T AR R — A 100 Hz
(0.01's), i J5 B IE] Sk 1~2 A JEL | S i A 70 30 )
I E) Ry 2 A JE I, BRI, B 1 0 o7 R

0=A0+0, (16)

A O, 9 EAR IO A0, B 0, ,
P KA (16)1E I DEKF A8 A A 230 (11)
o A k=2 B 2000 FR BE 0, F TEE 6, AR N R
BE 0, SRR AR 28 20 (17) T 1 244 1 B 20 4

B 6, FR S O, BN 6. 6, fE N85 5 B3 A
I 25 e o 0 L 2 6, o A i o

A

o s

; 2| -

0, |=F.| 6, 17
6, 0,

0531001-4



aoh gk T2

% 54 www,irla.cn % A5 B
42 HEZRSHH L W T R I v R B R R A o vk

PLEEE R 50(°)/s, IR BE A 30(°)/s* B BARSERL A7, Horp | 3 5 Vi I 4 bR ﬁﬁowSloﬂﬁ
IE% 6=53.33°5in(0.00 AT (7 5o LM RARIRARN g e o 50T M5 0 060 £ 4 26°, A0

FFEAIN 0.01 s, 4ifih & B RAE T 0.001 s, 7 H
Bf 1 FH Matlab #0315 H 24 SLENs 19 BgU2 7 5 5L
4 B DEKF 8%k (.m SCHF) 09 2 BEET ] 2 0.002 s,
IINTLLAMEG AL BEES 045 S5 R AR TN, LAl R R R
BE A% O 2 X AR B Al T Al 0 o e B ey
RYUR R 2280/ B 4 S B b R 145 SR K
fliti 2z, Oy A R R B A M
fliH iR 2 R R 0.0709(°) /s, B 5 Ky dhih i iy &
G 55 o R S A R R 25 X L B R
BE R G I R IR R IR 22 0 2,427 | JE W I M A ik
RERERIRZE R 67, BRIERS B2 A KR 32 & . i 0 5%
Bral i, >4 SLENs ([ )2 15 080k 4 B, DEKF 5%
WE i 796 2 2R G0 SER I, SURETH B R AR HERAE

\ /\ Estimat'e‘d state
\ ------ Real state \
(a) \, . / " \/ : \/

500 1500 2500 3500 4500
Sampling points(7=0.01s)

|
W
=)

Target velocity/(°)'s
wn
= =]

0.10
2
57, 0.05f
N or
B 8
e 5 —
& 0.05
= ool : : : '
’ 1500 2500 3500 4500
Sampling points(7=0.01s)
I 4 H AR BE B i 22 8]
Fig.4 Target angular velocity and error
6
3 — On-axis tracking
Al . vVF:locity df‘:layk compensation
Y 2; ¢ P i1 ;
° VAR VERRVARVE IR Y IRV
5 YRR
w O A / ;
E \ \,\/ ‘
% AW/ A ]
E 9 |
-4
5 10 15 20 25 30 35 40 45

t/s
Pl 5 e h BR g A5 A e Y BRI R 2 X E I
Fig.5 Tracking error contrast between the on-axis tracking control

and velocity delay compensation

43 KBWHEREHH
R FHOE ~7 B 25 HE AR O 7 B — R DA B 48 i) 7

13.5°, SUARHERE I N 4.5 s B B A5 s 1Y fe K A ol
h24.2(°)/s, e KA MEEE Ry 30.7(°)/s*, B THEFRIY
et e 2 5 KT T ) e R Az B R T A TR B 50(°) /s
SO (=% 7 S (B 1 BT W5 PRI (= 1o N P ) A 4 T
LB LI B 30(°)/s? i, i g R K 6 [l 7
M1 Pims,

10

— On-axis tracking
/N - Velocity delay compensation
—— Double-loop control

w

o | , ‘
= Lig VANt BTy A
E o m By I/\“ i/ /\ /
TR Firs
SO Y
o Ty SIEREY y
'z -5 ) i L i
I I R TR R
= ky [ !1 ! vl
~10f-k v 1 4
! \ u Vl
-15
5 10 15 20 25 30 35 40 45

t/s

I 6 sy s A AR I 4 45 R X L

Fig.6 Contrast of experiment results for optical dynamic target

3.0 -

A {\ —On-axis tracking
sol | AT
o -

| |

/ f f 1

S N A
e
Lo NN N

-L5FW
-2.0
5 10 15 20 25 30 35 40 45

tls
& 7 AR R RS BR 22 1A

Fig.7 Steady state error of on-axis tracking

Tracking error/(’)

|
e
[

R 1IREXFLE

Tab.1 Comparison of error

Random error/(”)

Control method Tracking error/(")

Double-loop control 12.67 48.36
Velocity dc?lay 75 24,13
compensation
On-axis tracking 2.96 19.98
M 3% 1 R, SR AL B - R P IR ] R SR

kmhmﬁﬁumz%mmﬁﬁ%&mmmﬁg
WS AMEE ) RS R RIRERIRZE N 7.5 bR 2

0531001-5



aoh gk T2

www.irla.cn
—

% 5 4

% 45 %

Hy24.13"; RILHERER R, R EKRRER DN
2.96" , FHHLIR 224 19.98", K 1| DEKF 4 B (14 2 Al
BR ARG, ANEREV] AR = RS BRERRT R, OF B AETR
REERE /NG 2 A LR 22

5 4 g

o HL 28 S ASUAR] I 3R 8 HL AT B (R A R 2R G R
YA e R PR P PR E e R B R R A i
fift- T A) IR 2R G A A 1 ] 8 R 00 i
SR T R O 1% T P e S T R R R 1
o 3CHR A SLFNs &Sz /L3l H br S B AR R F)
FH DEKF 52 SUAU(E S 500 SE PR 8, R i © Aok
AT I T A B A TR B Y, IR AL
HHERER, P TR TRESEOUEY R R K2 0E
fli it i L p R R I HOR . 7 B 5 S g R R
DEKF F4 Ji, ity 4 4 B2 1 28 48 7T DA 5l H 28 25 A R
EEARREIR R 2.96" AN, 550007 B — 1 A A4
Tl 12,67, BB S #ME T 0 7.5 40 LE AR BREORS
JE AT KRR B R o T B8l H bR LIRS i 22
R T 0 2 B IR S TS B | BB R 22 A )
RO, T O R 2 S B B R SR, R e
ZoA S PR RS B SR AL T — R (4 D R L

SE k.

[1] Ma Dongxi, Fan Dapeng, Zhu Huazheng. Smooth adaptation
for transition of acquisition and tracking switching of electro-
optical tracking system [J]. Infrared and Laser Engineering,
2010, 39(6): 1129-1133. (in Chinese)

ILZRAS, YURMS, ACHRAE. St i R R 2R e 31 MR R M) 46t 1) o
WA O] LAMS R TR, 2010, 39(6): 1129-1133.

[2] Ma Dongxi, Zhang Wenbo, Fan Dapeng. Satisfactory control
for E-O tracking systembased on multi-rate input algorithm
[J]. Infrared and Laser Engineering, 2011, 40(12): 2484—2491.
(in Chinese)

CHARAS, TR ICH, JEORMS. Ot vl B B ) I R e Y A 2R
FEARW AR R (0], 205N 5 WO TR, 2011, 40(12): 2484—
2491.

[3] Ma lJiaguang. Principle and application of combined control

and equivalent combined control [J]. Optic Engineering,

1988, 15(5): 1-16. (in Chinese)

[4]

[5]

[6]

[71

(8]

(91

[10]

0531001-6

e, 525 FR ) B A AU s ) R BN R D). D T
&, 1988, 15(5): 1-16.

Li Wenjun, Chen Tao. Equivalent combined control technique
based on Kalman filter [J]. Optics and Precision
Engineering, 2006, 14(2): 279-284. (in Chinese)

AT, BRUE. HET R OR S UB AR I S5O G 1 T BOR B
FE[]. S K TR, 2006, 14(2): 279-284.

Li Xiaofeng, Xu Jun, Wang Hongshui, et al. Research on
nonlinear filter and simulation to optoelectronic tracking [J].
Infrared and Laser Engineering, 2007, 36 (S): 219-221. (in
Chinese)

AE0, TRZE, UK, 45, JEZtE ki Ae ot H B b i 1 R
Foffi BT (). M S5HOETAR, 2007, 36(S): 219-221.
Wang Weili, Guo Jin, Cao Lihua, et al. On-axis tracking
based on ELM data fusion [J]. Optics and Precision
Engineering, 2013, 21(3): 751-758. (in Chinese)

FRaL, T, WALe, S5 T2 R 2 FR e ) HLACHE Fil
F LR ERER (D). Ju R % TR, 2013, 21(3): 751-758.

Ma Jiaguang. Basic technologies of the acquisition, tracking
and pointing systems[J]. Optic Engineering, 1989, 3: 1-42.
(in Chinese)

oA, A B B v AR G I BRI R )L T]. Jes T
T, 1989, 3: 1-42.

Wei Haikun. Theory and Method of the Neural Network
Structure Design [M]. Beijing: National Defence Industry
Press, 2005: 73-79. (in Chinese)

Bl .t MR T e 577 kM. deat: =B
Tolb i pAt:, 2005: 73-79.

Wang Jianli. Study on TV tracking system of O—E theodolite
to track and acquire fast moving targets [D]. Changchun:
Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, 2002. (in Chinese)

T St 22 A A R A IR R 0t A A B B R 12 2l
HAREE AR RBEGE (D] K& d ERE B K LA AL
W5 BB ST, 2002.

Zhang Ning, Shen Xiangheng, Yang Liang, et al. Evaluation
of tracking performance of photoelectric theodolite by using
harmonic property of dynamic target [J]. Optics and
Precision Engineering, 2010, 18(6): 1286—1294. (in Chinese)
KT, A, 5. RN S AR SR TR el
Z B ERTERE D] oL K% T2, 2010, 18(6):
1286-1294.



