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Approach for optimal filtering of the nonlinear system
with inequality constraints

WU Xinhui, HUANG Gaoming, GAO Jun
(College of Electronic Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: According to state estimation for the nonlinear system with intractable inequality constraints, a
novel constrained unscented kalman filter (CUKF) is proposed. The objective function is derived by using
the maximum probability method, inequality constraints are treated skillfully as a penalty function, and the
optimum constrained solution can be solved iteratively using the adaptively step length method. Through
theoretical analyses, the constrained solution is the rigorous local minimizer of the objective function. A
target tracking example based on digital navigation is presented to illustrate the efficacy of the CUKF.
Simulation results show that the CUKF has a better filtering accuracy.
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p(x, 1Y) =N(x,3x,.P) =" | P, | exp{— (x, —x)P,' (x, —x)"/2} (3
H, NGxgsx, PO RRERE AR R x, N X, T EN P, o RS x, B4R x, & B ZDIR
BBRME LY, =y, o ysseeesy, ) AR & A2 A9 {E , x, Mk B 2009 IR 2 8B (E P, 4 & I 20 1R R S 4
TR 2207 2%,
LR R 2 i U 2 R PR S A S SR X i U 1R 2 pR BRHE AT B /M 2 L DT B S R = B U A
R e RAGAE A p (e, 1Y S50 T o R AL B AR X4, A AR 1] i 0l 2 25 sURIAR S U R s (x ) <0,
g (x,) =0, MTIF5 3] 2 o P8 1 07 15 22 s A

maxInP(x, | Y)=min(x, —x,)"'P,' (x, —x,)

@)

4
s.teos(x,) < 0,8(x,) =0

H 2D PR 25 R & R AT R AR LR MR A 1 kSR AR L M R A R 25 L W] LR TG R R 2 B AR
(UKF) J 5 RGERE AT UKE R — R 51 Sigma s kLA 2 M ok B R % 2 0 A, B I T
2Rk R BRI AL LI B R /R 2 8 I (Extended Kalman Filter, EKF) 575 1 8 RS B 225

2 ANFEXLRIE D ALK

Xt FACEA A A A AR R AEAG T, — R T RIS B H 3 7125 0 R/ IME B — B 00 B 25 15 B 200R
B AR AR 0 SR AE SRR ey, 2R () A A 7 A RS A 2O A 2 RAs B9 3 0 UL 73 L TRk
TR Y S R LM U A AT AR

XA 25 3L TR DG A A I AT SR T A 571 o 03 e A SEARUJR A ] A A 0 B SRR — T AR v A9
it M D B 5 24 AR 10 10 S, A A5 S SRR G T s o O S 1 R, DT 3 328 A A T A 0P 34k
B A AR

R REL s(x) T g (x) FRLMER, H s(x) =Dx < 0. (J B A—W 8 g ={q, g, +q,, ) »
il AN 2 A HAE A AT, Hoh m (AN S5 AR IR A5 (O TR

http.//www.xdxb.net



150 gl T AR K F F IR AHF R % 40 %

maxlnP(x | Y)=min(x — )P '(x—x) ,
s.t. Dx +q=0 , Hx =10
R GO M b ) H AR R B A

€))

L=(x—"P'(x—x) +A"(Dx +q) +p"Hx —p >, Inq, . (6)

T H AR R ECH 5 4 TED R A8 R B, o ARSI F e > 0,9, MRS g RS R A1 &L S EAUE

4 T AT A0 L B e T gt D TR E T T LAZE ST B — 2 D) Ing, KEIV A L BT 34 2k
k=1

FABAE W A7 3 P T3 B /ME. 3R Karush-Kuhn-Tucker (KK T) &z /IME B — By 26 B 245, R (6) ] 153 F
G145 K

V,L=Dx +q=s5x)+q=0 , (7a)
VL=A—10 'e=0 (7b)
V,L=Hx=g(x)=0 (7¢)
VL=P'(x—x)+D'A+H'p=0 (7d)

Hrr, Q=diag(q,, s q,)se=1[1,1, ==, 11", 27 vhva] {di B 307 2= i v 1 . IR 4 4% 24 O bR B07E 2546
(x" A%, p") B—Briz el hy

s(x) =s(x") +DAx (8a)
g(x) =g(x") +HAx (8b)
Qlex~ (@) 'e—(QH ’nq (8¢)
A=A 4L, 8d)
p~p' +2p . (8e)

Hor, Bas e AR £ REAAL
TR (8 H Ax Aq. AL FT Ap R RZER ML HEE. 20 (8c) . (B AKX (7Th) 7] 15

%A—Q*leax%(AWM)—(Q’“>*le+(Q’“>*2Aq:0 . 9
F 2RO TR Aq. B (7)1
DAx + Aq=0=>Aq=—DAx , (10)
Dx" +q' =s(x) + 4" =0=>—s(x") =q" =Q'¢ . an
KR AOFMADRAR O .4 A5 =1" + A3l E Aq Flgt . T 5
Q)" A+ 20/ —DAx =15 Q)" /pp— DAx =—s(x") . (12)
H (7o) FRAK (L), 7] 17 HAx + g(x*) =0 . (13)
HXBD M BORAX D, i FAG TR ZR /N, AL RO L HEHE Ax, IB4 %20 0] 28 8
P 'Ax+D'A +Hpl =0, (14)
Ho, A8 =A"+ AA.pl) =p" + Ap. BEZTFE(12),(13),(14) , Al 4
B 0 D[y s(x")
0 0 H||pil'|=|—g&x"]| (15)
D' H' P']| aAx 0

Her, B=(—0""/p. MW RE(15) A & IR AERA XA RS e+ 1D WIERE N
X =x"+tasAx ,

A =2 Fa e A —4Y (16)

k1

P =p" o (Pl

Hodr B iR F o BT LA O N MR 3R 4 A (L DUPRIE 2 YRS Rl A s L B A s (T << oL ek 9]

TR E e =min{q,/DAx ) ERLAE &R [ATDx" +p " He' | <e. Hie H—AR/NTTRRMES.
S 0 8 O N R WA I S U E [ i S -8 A= R AL 3 (1

http.//www.xdxb.net

7’“) s



%14 RZEBEF . —HAFXRELGRFHIBERLE 151

Step 1 i f UKF & LM G xR E T £ P,
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NR L, BaFHERERX AR EZNHE Dx=0 X WES BRFTAHR, HhEK D, =
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