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Abstract: In order to reduce the influence of disturbances on the stabilized platform of seeker, an
improved double integral sliding mode controller (DISMC) based on extended state observer (ESO) was
proposed in this paper. Firstly, the second order extended state observer was used to estimate the
unknown disturbances of the system. Secondly, a double integral sliding mode controller was adopted to
achieve low steady —state error tracking; meanwhile, the improved power reaching law was adopted to
reduce the chatting magnitude. Finally, the performances of tracking and disturbance rejection rate were
carried out on the stabilized platform of seeker. The results showed that compared with the traditional PI
controller based on disturbance observer(PI-DOB), when the system tracked the trapezoidal wave at 3(°)/s,
response time of LOS rate was reduced by 48 ms, and the standard deviation of tracking error was reduced

by 0.0131 (°)/s with the proposed controller. Meanwhile, the turntable generated a periodic motion with
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sin(rt)°, 3sin(5mt)° and 7sin(2wt)° respectively to simulate the motion of the carrier, the disturbance rejection

rates were increased by 2.91%, 0.45%, 0.7% respectively. In conclusion, the DISMC-ESO has better

performance in dynamic response and disturbance rejecting for stabilized platform of seeker.

Key words: stabilized platform of seeker;

disturbance rejection rate; ESO
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Fig.1 Schematic diagram of torque motor and load
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Fig.2 Block diagram of three—loop control system
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Fig.3 Schematic diagram of the current loop of system

V7 B A 3 3 A A AR AT B 2 0 4 A
S TR M A R A ] A o o 3k PN B LT
b7 NN 2B ST 87 NiSE ot IR A R Y i € o b SI () i e 1y
G5, R N o sk e S 4
SCI R GER AL B ERER A, X R G TR R A
B IREF IR NERE R 3% W LT,
2.2 ESO i%it

ARG IR Z S, R R X S
ik h .

o= urd (8)

/%bl,=];—’, o o S TRz 3 i S EE , d 5
SR NIMILE . F51k RGN E T A5 2
B AT R ST, A 3 B
PRI f 38 Sh AT L iz 3 A B AN ER x4
SR, u MRARBRERR, ZR2% T K=
0.05 N-m/A,J=0.001 48 kg~ m?,

d 7] LL3E 3 28 30 (9) iR 1) ESO™HEA T4 1145 5]

Qo>
o

€, =2, —w

z'1 =z,—B, e, +bu
i 9

Z.2=—Bz ‘el ‘ ? sgn(e,)
d=z,
K. B, B HH e, BESO IR 2, Ml 2,
JEPADIRS , 2, S0 24 i A 2 B2 A WA, z, D9 ESO
XF LS AL ; b S i1 280, (H HAE A8 A0 FELAS
K, BRI A 28 BE HAR T RS THA b

A S ME &0 E ESO 241 B, (B, , IR
i P BB SSTE — oo, , AR IR LI 5 1Y 7E S, o, B
K, RGUBBETS P BR R TH0 , X AT AT, 52

R F T 22 G052 30 W P R SR AT AT 0 A5 A 4 1) R 1
W o, RIEEIRHK, B&itH B, =20, , B, =0, , 5%
B 07 FH H 2 500k BURR 98 22 407 90 1 ZER i o ol 78
LRAEE,
2.3 WRHEEEF

T RS A ESO 24U, SR ESO fliit &
GRS, fEPEA TSN, X sh T AR
¥, R E R S BIR R ek, 4R, &2 %] ESO
WEFESE BRI, P shZad i Az )E | B S Al
TR 22, 25 IR R XL R FH M AR ) M2 A 1115 22 A
MR | Rt DISMC—-ESO F5 il #8 4n /& 4 fr

IR
@, Double integral
o —'% Plant
« | sliding controller
L
J

[l 4 DISMC-ESO 4 il 5 i
Fig.4 Control structure of DISMC-ESO

flittiR 228 L .
d=d-d (10)
R PR R R 2 SR
e=w,~w (11)
s o, X0 D I ER A A SRR 2 5 o R MY AR R

fH,
S SO W AT N2

s=a,e+a, J e(n)dt+ a, ] rj e(r)drdr (12)

0
X :a, a, a, WIEFE, H Hurwitz £80€ BIg 1S
),
ARA2)K 21

t

§=a1é+aze+a3 J e(tydr (13)
0

ISR EA R, H B d,, Wil 2
d| | <d" WELE S AR iz B AT ARLE 3
Aid A, i T ) P e R i RHIR  BHR 2 T
PEHIRGRE A REAR, D3R L i B B A AL BGZ 20 5T
PRI , 340 R RESAN A SRS 04 i s 122 R 4, N
MEERRGEIERE, R 2 FRREATRE N T HI5
FHIR , R RCHE A U ST (4 751 FF 155 R R

0817009-4



bk AR

% 84

www.irla.cn

% 47 %

AR, ISR T 2P I 55 B R FHAE W 3
BT o I SIS A 8 ) R D 2 — 2 ¥ P
AR S S B W 5| 2 U1 T A e — o AR, E
PRI o Il 3o Ay 4 SRS D4 1o 3 B2 et ) 2
WG =Bl REIN DR STIoR eI PNt B U D BT
BT, SR LA 5545 5 1 AR R GA R

s=—K]|s \asat(sf

5

Horp 0<a<l T o, 0T RIE Y RGORS T
BT SRS (s BRI, il LA K A B 30 T W 3
BEAS, M R GO AU S (s B/ B, R IE 4R
AN TG 25, AREAREHIR . o 2 HRREAREHR 1Y
SFURIREE N IEH B, BRARLIRES T/ B2 IR T
PG , T B A PRSI BEAR T B (R
T RASIRE  ZEN R BT ELEA S E, K>0, 0
HREE Y 3 8

1207 15 R AR R R B sat(s) A0 BARME S 2S
HY AT 5 BB sgn(s) . TR R AR AR IR, 7 L2
Ab R, R R Z N SR b1k R 15

(14)

il
sat BRALUNT .
s 5
s oISt
sat(f)=
¢ sgn(i) ‘* >1
¢/ 1
s\ 1 s>¢
sgn(¢))— » vt (15)
B ALAHMRALKA3) G
ale'+aze+a3 I e('r)d'r:—K\s \asat(%) (16)
Bz ae6), #Alih iR 22 R H B AR 8
HEWMT .,
_ 1
u= ab
a, c;)d +a,(w, —w)e+a, J e(Dd™K|s \asat(%)—ﬁal
17
24 BEMESW
#E#E Lyapunov R .
_1 2
V—2 s (18)

N T PRUER SRR SE I

V=ss=
1

‘ale+a2 je(1')d1'+a3 [j tje(T)deT s |" sat(’%) )<0

0 0

(19)

Y s<—op, V=ss=Ks|s | LY<O; M s>, V=ss=Ks|s \a<

0; 24— p<s<op, V=ss=

/ 2 a
—Ks ‘S ‘ <0
¢

RO HBEEC k6 R KT 0 HIE B8k, shfig
PRIE 2R GE iR 22 7547 BRES E] Py e 8¢ 3 0,

3 (FESHTFSLIRIEIE

3.1 HESH

R T SRR RO RS AR e, AR RS
K FH B BR PT #5461 #% . PI-DOB . DISMC—ESO K14
RGN, DISMC [REE &5 SMC PR il 2%
X Fe [ Ah 23 © el T Rt AR FE AN i
Bk, SO SE TR R A PR i & A PI-
DOB & fill #% 5 Fr 4 th ¥ il 25 i X L . AR 4% DOB 1%
TR, S BE B 2 0L 15 2R — B i D
e, IR R YOI % Xk AN A 4 BE 1 Bk
0 T P ) R R AT AT, B 7=0.005, 28K
PI-DOB & #il#8 280 k,=3.1,k=1.97, KRG 1 %
SCAERVECR 28 (8 T s A SR S B AL A%

ERGIEIE ML 2w, FIR PR RGN .
12 . DISMC-ESO il 2 %:¥

(0.35 s+1)(0.001 s+1)
N a1=6,a,=11,a,=6,K=120, a=0.95, $=0.01, w,=
1300, JT7Er 0 M A4 28 e DN e 7 ) R L
TR ITT B s %o i 3 S st AT DR I A B

B9 E AR G0 0 BRER PR RE  F A 3 (°)/s 1Y EE BB
W, Hopps Eom i 2R an & 5 s K R Gk 2R S A

——PI
PI-DOB
DISMC-ESO
1

13.4_ 138 T2
0 5 10 15 20 25
t/s

Pl 5 o JBE 8 12 904 ) i T 2

Fig.5 Response curve of trapezoidal wave
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Tab.2 Comparison of disturbance rejection

rate of different disturbances

Swinigoa)mgle/ Frequency/Hz PI-DOB DISE/IOC - Imp;;);fre;lent
1 0.5 7.13% 4.22% 2.91%
1 1 4.79% 4.02% 0.77%
1 3.5 2.0% 1.20% 0.8%
3 0.5 3.50% 2.90% 0.6%
3 2.5 1.72% 1.27% 0.45%
7 1 2.23% 1.53% 0.7%
4 ERE
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T3 SR 5 , R SUR 4 i B4 il 28 S5 3 T R SR IR
RS R 22 BRI, TI S 2R FH 17 oot A9 28 b 3 R ke 1)
S48 ) R GE M EHIRFZ R, ST E B T T AL Y 4 ) &R
GiteE M B E AR T & L E ) S IR B T 8 A
MEPERE, LIRSS R EL WS PI-DOB il #5 41 LL
PRIER 3 (°)/s (BRI IS, T ) 4 ol #48 4F FH T
PRI PR PEHE S T 48 ms, FREFIREARMELEIEE T
0.013 1(°)/s, [RIE FHEE GRS 5535108 sin(mo)°,
3sin(5mt)°, 7sin(2wt) it | RGN NAES o Bl T
2.91% .0.45% .0.7%, 3P4 045 6l 25 BE A5 A 3L
A sh B T RGBS O B B R

S PR B T, 124 T SR s kot Al ) R s o) ] A A L
EERi R Y
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