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Design of active disturbance rejection controller
for electro-optical tracking servo system
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2. Department o f Control Engineering , Academy of Armored Force Engineering , Beijing 100072, China)

Abstract: An active disturbance rejection controller for an electro-optical tracking servo system is pres-
ented to track maneuvering targets fast and accurately and then its work principle is investigated.
Based on the structure analysis of a tracking system, the target velocity is taken as the exterior un-
known disturbance and the system parameter change is used as the interior unknown disturbance. A
extend state observer and a tracking differentiator are used to estimate the disturbance accurately from
the input and output information of system response, then the controller can compensate the disturb-
ance further. Experimental results indicate that the system can fast track maneuvering targets at a
maximal angular velocity of 40 mrad/s and an maximal angular acceleration of 8 mrad/s* while the
maximal tracking error and the maximal overshoot are less than 0.1 mrad and 10% respectively. These
results show that the scheme has a good structure and robust performance, and can satisfy the system
requirements without using the sensor to measure the target state.

Key words: electro-optical tracking; servo system; active disturbance rejection controller

75 B H#: 2009-05-25 ;1817 H #8 : 2009-06-08.
BE4WE HEHRB 24T H (No. 60175010) ; &= 28 &1 4% W5 H (No. 1040102, 5)



BRIGE I - 45 6 LR B AR T 1 A0 A AR 42 o o 1) 183 221

1 3 =

O B ER R G — ARG BRI L fE S AL
B 5 ) R G0 KRG 5 WL ST JL B 43 21 I 2 2% 3%
F o AEMT S Lo 4 i 45 & P 5 TR R T U
iz . 7R BN A O A BB R i)k
H 2B AR AL I AE B A A Bl R R L S R S
PR RS BE R B0 2R B AR ML B R DL B 3 Ak
JE iz g R R . PR ) 9 T R A 2 A
PR A K B R [ R . — 2 il Bl B D38 58 8 5 | 1Y
M 2 4 1) B 1R 22, BDAR R ) s — R0/l T
HARHLBI 5| /) s 45 BR R IR 22 FE IR B A p L 4
S I v LR 0 T E AR

B E bR AL shH: AR 0 3 5 A AR B R 1 &
Jre %o O FL B B AR 0 ) S SRR K By L T LR
M) 7 BEpR RS E BREERE B s . HATER Z o6
PR BER 2R 0 R ) 45 002 5 45 i b L [ Al R R R
T oL A A ) e O R AT e L T L B H AR s
SPREAE B H bRis sl 8 SR 5 B VR D mi Bt
i A 5 0 AT TR A S A o R B S R R
HE—25 18 1E 20 25 i J5 15 25 00 4R R 48 R N
B2 77 VA AR 3 e R R ORG B A ) B, 2B AL T R
55 11 2h A5 R i, R B AR AR AR O AN R AR
FRE e AR T O | 3 Al R R e A R LU
REE O A IR R R G PR RE L ER R HERE KL I
B R ia B AR ROR 7 2 M R O B 3¢
R P 1 3R G0 ROAS B AN B A6 92 B TR v A5 3 4
I 5

B P4 25 CADRC) 2w B B 58 50 35 WF 5T
BUTE 4k 7K 28 M PID AR T X5 G208 1 155 AL AR i
(LAl b 5Tt 8 3 A A T T Py R R0 AR Y
A5 MR 508 I 25 38 5 4 1 S AR R M PID 4% il
i UHE 22 8 PID [ A Bk B 10 9% 1A B A 4
TR AR AR R, S BGE N AR
X 52 2 85k A AR Ak 80 B AN 1 2 M A Bl AT RE
5 BUAR L7 (42 1 8 AL B A 5 1 3 O L e
AT ERVEPE . AR SCLL R A ol BR R 2R 52 R 0F 9% 5t
S AP TS, SR REN RN
E SN e R R L T S ONE R e B )
TN 5L OB R TR 7 B v MR ORS B  A L B

A LSS A TERE KRR T R G0 R A 3K
PR PR ML B H AR RE ST

2 RABEHBRABESA

B E R IR EE R E A T K
¥ R G0, 51 5 KO Bl e B0 BLAI 1 Hb T B B
H AR s s B BT HLAT S . i T4
FT oA AR 23 B AR B T b, X SR AL L IR R R
GEXTHRME /N T 10° P sh MR <1 Hz i 84k iz 3h
Peoh s RAarnybe Bk . 2% 30 H bR i bl sh
fig s oK R g0 H A& IR 5 B KA 40 mrad/s il
KM E 8 mrad/s” HIRMEE S 3 H R &%
1 AT AL 70 BN N — 4> B B D14 3% 5 — A
H br e B R 0 b P B R <<2 s A T ORAIE KM
S LY i PORT R L BEOR R AR R R 25 <0, 1
mrad,

o't L IR B R 9 1) A 2 4 R L T R FH I R AR
PR E AR R 22 5% . HATI AR 5
ARAT G AP R SRR G FRR . A0t
HLBR R R G IO E R AR O 2 R B IR AN 1Y
SE RS o K Bl 4 RGO I S R B 1Y
23 [H) 2235, AR B0 RE G I T B SR A ik 2l
Rtk SR H B B0 I o AR B . BUR SR AL
FRR TR RGN B Dt AHZ A5 A R A AT
FEPE PR B AR SR R A R E & AR e
R RE . 12 28 G0 10 235 R HE ] S 0T I 1 502 A5 780 4 e
1(a) (D) 7R

F AL BRI g O H R R e PO B H AR
PR B A R B 22D WA Ll T2 B R
3 R T AL PR B R T R A R R A )
i A BB A 1~2 pixel WLIINEFS [ i
H T 32 B i A 5 1 2 RS Ak B AR T Y
FL A R 0 A 2548 L T A — S S R R AR By
PREFERAH R BRI 20, X 2o 7E — R 1R 5
RGN T8 . T B AR R AR L SR R
i PG AL 30 42 3R 1 ] R RT B /DN AR R B 1 4y
B R 0] B s 0 BT SR AT — WA AL R B
AR Z2 G5 1 A% A B0 AE R I ] £<210 ms, A% JE 30
T, 2 40 ms, BIEREM I PE3H 0. 05 mrad,



222 e K TR

518 &

PR R ED

HbRLE wi | | e || é bty | PR E
'@ T [ e ] e Eh [T
1

____________________________________________

(a) G FHE [E]
(a)Block diagram

M
0, > - 1— ¢ |Ax U M <> 11216
%4 il e i il et <A VA e K

(b) Fh = R Y
(b) Mathematics model
B 1 RGBS 4 AR E

Block diagram of a electro-optical tracking

Fig. 1

system

B 0 Sy HARNLE 0, AN E o H FE 12
SCHE Sl f L My S TR A M R s AL U
PR Ax 2 HAR B RE, Ty A i AR B AR
TAEJE I o o B Ak B SE SR B[R] L G Cs) by fa] IR
i ol 1 356 0 B0, NCUP) iy il o o 1 ik 1) IR 4 1k
&3 R B, H Ry BE SR A sh it .

M A LR A e 7 A PR R T R L T T B
WEASC it 2 A ] 0 AT A o MRS B - B
i) FEAB M 2 R A 0 B — B OO I A R R R
SR ER B AR 3 B = A 1 0 M A
HLE U 9 K R, B

M=K, - U*, (D

X Ko, RO R S @ 7 5

T BB S vt R B0 56 o S B o o T A
—HH

H 8 MR AN BT B R ik 1 0F B A ok

.
w:MJPFIM‘. (2)
H (D) L (2) AT 15 g B2 GE 3h 7 R
o do, 1 -
b=y =o=g * KuU+Mo . (3)

AR AR A2 ] i 4 B S0 R PR R D' H R
B e XAz Bl H bR A ER B A 22 L BB i Ae =0,

3 A#RMIzH B

HI P 1 R 0, 3 TG BRER R 40 BEAS H 1%

M P ) 2 1 £ 2 PR R R % ) 4 A — i I 1)
it Je 1A T R a8l R E L o A R
R o g T 52 BUBEE B 22 ORI O 56
Je TE 72 GE i H S 155 0 it B 2 45 A4 SR L oFg H
PEATIE B AL PR 2R AT H b iz 3 i) 45 2808 5L ik
JFESE(E B Gl 5 A L R B S AT R A 4R 1Y
PERE. FEASSCHR A9 B HT 42 i 07 6 v . A R
et » UG P 4 15 R . LR A 42 i 45 4 4
Bl 2 frow . BHERR 20 A il . o T T
SR BT AU AL EE B b 200 TR AR
AT B

M; ?i
u M 1 1 %

| b l

L
1 %
b Pk

PURIEr
B Z1 | (ESO)

2 SRR BRER R g0 H PPl 4% 25 A AE 1
Fig.2 Block diagram of active disturbance rejection

controller for a electro-optical tracking system
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