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Three-dimensional finite time convergence guidance law with

extended state observer
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(1. Air and Missile Defense College, Air Force Engineering University, Xi'an 710051, China;

2. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Aiming at sending the line-of-sight angular rate to a small neighborhood of zero before hitting the target to achieve the interception

of the missile to the target to quasi-parallel approaching state. Based on the active disturbance rejection control to estimate and compensate the

uncertainties, a novel three-dimensional finite time convergence guidance law was presented accounting for the second order dynamics of missile’s

autopilot and target’s maneuver. The finite time convergence of system was strictly proved based on the finite time convergence control theory. For

the purpose of restraining measurement noise, the traditional tracking differentiator was modified to be applied in the process of designing a novel

extended state observer and backstepping control. Simulation results demonstrate that the proposed guidance law can guide missiles to accurately

intercept a maneuvering target with finite time, even if the autopilot has a lag, modified tracking differentiator has the advantages of high precision,

fast response and strong ability of noise restraint, the extended state observer based on the modified tracking differentiator has better estimation effect.
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ﬁ‘%’]ﬂif Qg Ay \aT]fﬂ:ﬂ (GTANGIANGIN ,muzg/ﬁ% E *HX‘T
A RN
Qg — @y =T — rgbi 00529L - rGi

iy ; 12
ag = ay; =210, + 16, + rf;sinf, cosf,

A — Ay :27'1/.;L0050L + nﬁcosHL —ZréL(//.LsinaL
(1)
TERERASE M DL | @y, BEAH0RE X 40 32 05 2
F<0, A TSI, W2 ayy, a), ff
TR 6, By, BE T, R ET IS
T&%’ia /7"\ Vr = f, V()L = réL, le‘ = ancosﬁL I)_lIJ EE
A(1) Al 15
1}, =( th + Vih)/r tay —ay,

Vv o=~V Vy/T- V;Ltan()L/r tagy —ay,
v, = - V.V, /r+V,V, tanf /T —ap +ay,
(2)
S 9 2l B SO0 -5 4 B AL S A
TR UARAE S 5 B b 28 ) 3072 Bk AL 3l
S HEIR RV | D) S5 28 1 T 38 T3 e L AR
N HPRE A S RO R B IR O
Gy = _wande _wian +a)iu1 +wiA1 3)
{a‘m = 2w,y — 0.y U, 0. A, (
K¢ Mo, 735000 5 A 32 BACH) BELE LE A
FLIRIIZR sy Fwy 53590 g 2 1 O fi - T 472 (4t 2
SO E S B A AR B o ay F @y, 0]
F S5 b A B DU AR I, gy T iy FO U A
FHUEB AL TR, A, A, A v, AR
A3 % P R ASE LR 22 TN BT 32 B B AN T

AV =2 _ —_p _ _
FESCIRAEZ 8 0, = 60,,%, =0, ,x, = Ay Xy =

(23

Ay %5 =, ,% = l/f.L’x7 = Ay, Xg = Ay S (1)
5 (3) 153075 1% B 302 B Sh S R PE ) = 4
HARX 87 Rk

X; =%,y
. 2F 2 . X3 Qp
Xy, = — X, —XgsInx, cosx; —— +—
r r r
Ry =%,
. 2 2 2
x4 - _2§w11x4 _wux3 +wnu’l +wnAl
X5 =X (4)
. 27 X7 Ay
K = — g +2x,xstanx, + -
r rcosx, rcosx,
X7 =Xg
. 2 2 2
xS - _2§wnx8 _wnx7 +wnu2 +wnA2

. 2 2 2
F=rxgcos x; +1x; +ay —a,,



90 - e AN o 4

5539 &

SPRAEREE E BT R A (R

B 1 SFHECRAEIEETTL, RS (4)
e 0, o, AT LI S5 Sk 55 A B BRI
BAGH], 7.0, W, 5 U B B A UL B
P,

Big2  FARHLAEA B0, U ay il ap B
SHOH LT SRR

g | <al®

. max

(5)

‘di‘gd;‘;x
A, BT 51 Sk Jo S HARLE), Fr P oy .
i a R S
RiZ3 RG4)PRATENE A A, BA
B, BIAEAE R A=0, 875 A, [ <A [A, <A,
1.2 HBRET B 2 i
SR FRGE AT BRI (B SCR P, R T S TA
WA E R 5] B
5131 XA RG « =f(x),f(0) =0,
A EZE Al R B V: DR, 3 2 4R
P S
1) A 1E & PR
2)FFEIES R ¢, >0,¢, >0 Flae (0,1) LA M
— M R RS D, CD 15 8 SO
V(x) +c,V¥(x) +¢,V(x)<0,xeD,\ {0} (6)
W25 R R GE (4) WA BRI [A)A2E 1 1
K BV () aTEAT BRISFE] T'(2) WA D, CR" 33k
V(x) =0,
1 V' 7 (x,) +¢
T(x)<62<1 _a)ln Cl (7)
K, V) 2 V(x) BRI s, D =R",
V(x) BAEEICF (V(x) —oo Y [ 2 ]| >+ o)
i, ELV RBCEAER O} E R 6, A« =0 /2
RYE(4) B4R PRI L R AP
5|2 XfFx,eR(l=1,2,-,n),HFn>
1[0 <p<< 1, JUIH /2 R 2S5
Cla [+ [+ L, DI s o 174 T 740+ |2, 17
(8)
2 BTN R = 455 BRATE W s
S5l&#iit
2.1 BT KRR R A PRET B & 2z it

T A0 T B A A, IR AT N R
G5(4) BRI A A RN [R] U B30T 51 A, R AR X

PARBAR AR SR B, e ko
U A T BB B AL %, AR S KA
REFIE) S5 B, RS S T, S
e S SUN Ol R e 6ok e
JEPE, R RGN 2 R, K x, N E
GRS M A0 N ARG H5 HA d Rt
BEAMB T s d o4 sk W0 2545 10 i T 445
50 S A 5 e, R 280 K L0 28 £
53 By e s e 1 PR ol e O B T2 %
Sy BT SR LI 255 B 3 s f 5 o

By HEL d

FOH s | AR |
it —’| :

BRSNS

B2 ST skoULIn i 4 A BRIk Rl i Sl il e 2 4 P
Fig.2  Structure of the finite-time convergence

controller based on extended state observer
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Tab.4 Monte Carlo simulation analysis
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