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Abstract: A new unscented Kalman filter (UKF) based on interacting multiple model (IMM) is presented to solve the
problem of nonlinear filtering and noise modeling. The uncertainty of the noise can be described by a set of switching
models. In every model a UKF is running, and the UKF for nonlinear filtering can achieve accuracy at least to the second
order. The output of the IMM-UKEF is the weighted sum of a bank of parallel unscented Kalman filters. The self-adaptive
filtering for different noises can be performed by the adjustment of all models weights.The application of the algorithm on

integrated navigation system shows a high precision and switching speed, so it is applicable to dynamic systems.

Key words: Unscented Kalman filter; interacting multiple model; integrated navigation

1 5|3 (Introduction)

RGN 75 AN e PR AR R P R G E
TR FRT P9 R T i, Al 20 P A 2R (P R A A TE AN B SR H A%
LR R YRR R, RVEY R K 2 U8 (BEKF) T
DL P AR 26 11 22 48 1 98 ) i, {H 2 EKF {12614k
RS IR R 22, 17 HopE oot f 75 Bk 57 JE &
PE BRI £ ¥ Jacobi FERE, B9 T i 5 FE .

T JLAF R J S ke 1R A ALL 2% A 0 A %5 BE pR ERCk 3R
A3 e B DR (R 7 VR0 Al U AR B Ve R G YR I i) AR
AR, HoA A AR M 1 & PFR(particle filter) fIUKF,
MPF7 K R A i, vF KRR T4,
UKFA ] /b 5 i KA A8 U 28 #:52 (Unscented
transformation) T & 3T L JF R 25 40 A 1) AR 2t i AR
2P AR 5 I IME RN T 22, ST A ki
P A BT B A B as B, 0 T s AR v R
& FoA% v K 2 3 = T'EKF, +F 8 =32 /N TPF, B

WeAE H H: 2005—10—09; e ts ok H 38: 2006—09—11.

SR PRI A, UKFE I 5t 5 50 2R 4 e 74 R
W PR SRR, T R S R N A R G
R0 8 75 1095 A ARG 2, DAL S T UKFSER
(FIRG JEE. 22 MR R AR 78 S S B B T 5 R
GOIR A 19 B A 207 T8, Jeh A B 2 R A
V(I B A A P 15 5 B Dy BRAR ) 5 0 T
20z N, e R LIRS T, R R G
PEAHAE (5 50T, IMM S8R 8CR B S T1L 48k
SR IEIE ) HIMM S UKFG BLIKI 45 4 kK, hfiit v
AL R e Sh A5 DI ) AR TR A R A
2 UTHIUKFH:(UT and UKF algorithm)
UKFJE 38 FUAS B B8 vk, U T 4
P AR e P B WL AR R R A i,
S M AL R 7 28 B R i 0T 00 A 1 R, 20
R L 1 A% R 13 AR WY IR — 2 RUER, SRECA 5 1)
PHE R J7 2. o I N T T % N Py n, YEBE

HGIUH: R T Z A BT H (T1600B001); [ 580 BRI TUR et R1(863 tH I H “ A& M AL H L EM AL B HE T

FEWFSE” (2006AA12Z305)”.



4 MRS, SETIMM-UKF 4 & S s 635
PLAS &, W e 3 B 2n, + 14E1 PH RS 3 0% = P..(kk—1)=
KL 5345, 2k = ng + X 2L R
’ S Wil (kb — 1) — X (k,k —1)]
z, h =0, h=0 X §
Xh= i‘—F(\/kPm;)h, h = 1,"' NP (1) [Xi(k?k_l)_X(kak_l)] : (12)
j*(\/kpmm)h*nw h=n,+1,--- ) 2Ny, 4) Wl 5 7 R
T HL

Wy =Mk, h=0,
W, =1/2k, h=1,--- ng,,
Wn,=1/2k, h=n,+1,---,2n,.

Horp NGRSO S 5L, W32 55 hAS VU35 s AR A
B BEAS VAR FD (00 1 AR L o KA 8

Zn=f(xn)h=1,--2n,. 2

Z WISAAE RN 7 72 FH AR 5 1 7 ke B S BURE A 34 (.
Fo7 ZE AR

_ 2Ny

Z =y WiZy, 3)

h=0

2n,

] :hZOWh(Zh_Z)(Zh_Z)T- 4
UKF2 1 42 F) FHUZZ #e 8RRy 3 4 f /> — e fili ot
E#ﬁﬂ&/ﬁ%%”ﬁ%%ﬂ%iﬁﬂﬂf JEE A BE )RS BENL 1)
X = | XTwToT |, w55k RG]
R g 7 1) B (7w, v ASAH DGR R ] LUy
JEIARAS AR HE), RIS 1] S UT I W oH S PG A 2
B AR IERS A M = [(x®)T (x*)T (x)T]T,
UKF J R0 b

1) ¥aatk:
N T
Xo = B[X9] = [gj«OT 0 0} , )
P00
Pr=|00Qo]|. ©)
0 0R

QN RS 7 7 2, RNy B 5 7 22
2) VRS EVRERELEEE: 5 Tk € {1, - 00),
x(k)* = [X(k)* X°(k) + /(L + N Pe,(k)

X (k) = /(L + NP, (k). (7
Hp LT RS 42
3) IS [A) 5T A
X'k k—1) = f(x"(k = 1),x"(k = 1)), ®
X(kk—1) = éwhxi(k, k—1), 9)
7k, k—1) = h(x"(k,k — 1), x"(k — 1)), (10)
Z(k,k—1) = zzLj Wi Zn(k, k — 1), (11)

h=0

Po(k) = 32 WilZu(kok — 1) — Z(k,k — 1)] -
[Zn(k ke — 1) — Z(k, k — 1)]", (13)
Prlk) = 3 Wil (k k— 1) — X(k.k — 1))

h=0

Zn(k k—1) = Z(k,k—=1)]".  (14)

BRI
e(k) = Z(k) — Z(k, k —1). (15)

ik
K(k) = P,.(k)PZ (k). (16)

AR
X(k)=X(k,k—1)+ K(k)e(k). (17

Uik
P(k) = P(k,k —1) — K(k)P,.(k)K" (k). (18)

UG AT L, UKl 8 ] — AN MEA U5
AT ABL i T BE ML A RRAS 20 A, IX SRR e S 58
A7l R 0T R AL AR R ) L SE B AN T 22, UKEX] T
AT ARG RGNG LA RRIE B A b, M T
PR IR B PO
3 IMM-UKF 3E ¥ & ¥ (IMM-UKEF filtering
algorithm)
IMM ) Ji BRI K 28 406 132 Bl A 2 S R A 7R 4
BE T BRI BRI D8 2 TEAT AR, BB IE R A
i L PR B 2 A R DL R A BRI SR B A5 R, K A
ABBEAS 50 R I, A5 H A B 2 PR I AR A28 kg 2
HIT I 2 22 G DL O R M3 (PR A B ), R e
AR TH 2 # BB I8 e 284k TE IR 3 I A Rl 5.
FARLPE RS, RS FERRE N R
X(k+1)=f(X(k), m(k))+w(k, m(k)), (19)
Z(k) = h(X (k), m(k)) + v(k, m(k)).  (20)

Fodr: m(k) 2 RFE B 2RI 0B K, W R G
ENM = {my,ma, - ,m,}, BRI RERT &
R Al R FE. AR ALK Ty (k) Blm; (k +
L) 5 7 8 ZEpr{m;(k + 1)|m;(k)} & Amy.
M AERIS Z) g VT P BE 7Y 1 A % Bk o 55 20 A
Hpr{m,;(k)|Z(k)}, WA (k). HhZ, = {2(1),



636 oW s N M

04 %

2(2), -, z(k)} R REVENES. IMM-UKFJE

W R B RR i NAS B . UKF 3% « A5 A % 5 57 R

A kG 44y WIUA By IR AT R RS MR 1 A2 A A
mj; = pr{m;(k)|m;(k — 1)}, m;,m; € M,(21)

Zﬂjizl,jzlf\/n.

=1
B B
pyalk — 1) = Tt Z L) o,

> Ttk — 1)
=1

1) Hig ANAZH R R WA AL g BN -

Xoi(k—=1) = 3 X;(k = Dpya(k — 1), (23)
P(k—1)= i

32 Py = 1) (= 1) = ol -
DX (k= 1) = Xoi(k — 1)]"}. 24)

REAS DRI I A48 ey b i v o S B A 20 10 B A
R E R AR R T 2], R T R
G 1P R A B
2) UKF 3E3: 280 4 NAS H (RS 1n) B R iR 22
T3 ZREAE R PE B 2% N — I ZIWIME, V5 P R I R
X(k)" = [Xoi(k)" Xos (k)" + /(L + N) P (k)
X2 — V(L + NPy (k). (25)

SRR = [T Wt o] vk
IR = [()T ()" ()T R b
Ty R

X7 (k k= 1) =[xk —1)). (26)

UKFI 8] 558 75 #2555 I 58 7 R R K(9)~(18).

3) MM TR BN 1 o R RO R
AR, — MR UL B A5 7 3, T A 56 8
AL SRS AR R 22, R R 298U ES nT A
TREUE I A AT 5 S PR R UG, ) 0 ik 2 ok 38
B 77 228 S (k) W v i e S, DRI e N Z0 458 Ry,
VLA R LR B EL S (k) R

fi(k) = Nlei(k) : OS(k)]Z
[(27)™ |~ Qexp(—fsTS ). @)

Horp: e 2B ZAGE. S; = E(eief) = Pl_jEk =TT
ZE PSP, T HL DRI e A 2 mp g s, S (13) 0k

Poak)= Rt 5% WalZa(h, k—1)— Z(k, k—1)] -
Z(k ke — 1) — Z(k, k. —1)]". (28)

BRI MR
fi(k );Wﬂﬂj(k 1)
wi(k)=P{m; (k)| Z(k)} = 5 -
; (k’)g it (k—1)
(29)
4) B SRS S PR ARG T AR R R A
fill & BN IMM-UKF#) 5 28 %0 HH 45 5

X(k) = 3 (k). (30)

Plk) = 2 w(k){F(k = 1) +

X(k— DXk —1)— X(k—1)]"}.
31)
4 IMM JE ¥ 2% B B 4 (Models of the IMM
filters)

IMMA T E e Wk — AN 2 B R R 4R
KA IR RG] eI SRS, BRI BT
UL B0 £ 52 4 M 5 0 ST P T, SRR R BT 2 i) £
MR J HR ] RIS RE. A SCGEINDRA R4, LLAR
) A7, b A7 B AT 1) A1 A DE I A RS AR B T
JEW TR, GPS 1E K4l Bh T 0 R AR A A B,
IMM-UKEF %t 1) 3 i 2 B THE R 2 R G i 241
SEALGE R R AL HE S e A 1 e IR EAR LS
(I TR) i, TEH RSO0 2R P AR T B, R iR
B A RUREAD A 20 22, A5 FE AT 1) A el (AR A4
Fyil 5 EAL T a2 A, SR 4 1E). w] LS 3 S

IRETTHE

+ [ Xk —1) ~

2(k + 1) = z(k) + v(k) sin(a(k)) At + & (k),
y(k+1) = y(k) + ( ) cos(a(k))At + &, (k),
alk+1) =alk) —w.(k)At + £, (k).

(32)

PAGPSHir H B 2 )« AG ) A7 5, A 1) < b [ 38 5 Sk A
IUREREp Ny s

xgpS( ) (k) + Um(k)7

ygpS( ) y( )+77y( )

vegps(k) = v(k) sin a(k) + nye(k),

WNgps (k) = v(k) cos a(k) + nyn (k).
Hodb: o,y AR A A AL S, v B30 00 ) R, w,
TE L IEAE AR Z AL BRI B8 BRI A5 2 R 1) A
K, ENII NN R G TR R IE 7 At A SRR R TR
(] & A RS R AL 7 FEER A AR 2kt .

e EAT I R ) R G 7R g R AR

AN E PR, SIN—2H R G5 1 e s RO (o g s

(33)



Fal

RS, TIMM-UKFIA A S 637

HI7 20y A Qi Ry, 133 AIBUR SR
X(k+1) = f(X(k),u) +&(k,m(k)), (34)
Z(k) = h(X(K)) + n(k, m(k)). (35)

AKICA T IR ST A5 R, R IUOBE R EEM =

{ma,mao}, SEBR N FH IS ] AR L AR5 0 o 4 A

LB A B FIEWAE L my 2R

KDL, mose e B NI Dl ogr = 1000,

or1 = 100k,

5 i B K45 B % $r(Simulation results and
analysis)

R B E S AT AT AT, AR P /N I ) B 2 A
AT O 5, BEAP REAT — IR JE B LB P B2 % H (1)
JE WAL AE AIMM-UKFRE 5 4 H g5 8. B2 A w47
B R 2250~300 s B 11 40 75 1, P20 1353 il ot A
BT RO A2 ) A R UKF A 5 IMM-UKF#l &5
A5 TE R b 1) 67 1 25 AR ) A7 B e 22 6 LU R, s gk
FRRIMM-UKFAl v 3% 22, 1 26 A 3R A R UKFfG i
7. Elagy AR ME AR AR L.

g 2r T
e
oK
B
&
_2 C 1 1 1 1 ]
50 100 150 200 250 300
KAEINTA] /5
1 i n:
D’*" £ %
B P +, m, H
Zost " : .
B £ ¥
2 % &
[ T RRRRRRERREEERRRE i S TR —
50 100 150 200 250 300
KAEINTA] /5
[ W DA RPEZAST ith VR S IR
Fig. 1 Detail of north position and model probability
5 —
g
)
5 -
& —IMM
,5 1 1 1 ]
0 1000 2000 3000 4000
KA E] / s
10F ---m, i
E | —IMM
1&? 5
B
i 0
a L
1 1 1 ]
0 1000 2000 3000 4000
SKRERSTR] / s

K12 el o B R 2 Hh 2%

Fig. 2 Curve of the north position errors

4
s 2
M
Koo
B
& 2
1 Il 1 ]
0 1000 2000 3000 4000
SRFETH] / s
g
H
o
B
&
I | L |
0 1000 2000 3000 4000
KA TE] / s
K3 IR frE R h 2k
Fig. 3 Curve of the east position errors
1 ] i ey
=
B 05r
= .
-
0 - S o p B K -y
0 1000 2000 3000 4000

KEEIFTR] /5

0 1000 2000 3000 4000
SKRERA / 5
Kl 4 HTYHE S
Fig. 4 Model probability

H B T0] L, 7550 s~ 160 s R 78 5% 22 466 5o 1 A
ZERE/IN, B Tmo4h 58 IO I M 7 7 2 B MRy =
0.1Ry), Al bmo 55 R M L. 7E160s~163s, 4
Ak T 0 R SRS, BE N Bma A TR IS
P A 7R A5 2 4 6 110.17 m b T $0.627 m, AH
I3 Hbmo B 7R R % EH0.95F% 420.05, Bt I my 7 A8 B
FI168 sty & 5 I 2. fE169s~171s, ZEhifiz s T
SRR, mo IR ZE 48 1.6 m [B]9% 450.49 m, HiAH
UM 110.02[01 T+ 40.93, my b7 8. 7E208 s~214 5%
A AT BORMLED, L A Rms B3R 25 Xk A —
R HH0.006 m32.5 mP) 547, PHILRITET st 5¢ G IR
DI, M6 )5 22300 s, H T 440~ A28 4T, my B VHR
ZERTFmo it iR 22, ISR i mg A, A3 K AE
R IE 1 150 an P 2, 3 T /s AN IR LB 3 B

a) (E PR IR A 1158 2 AR R DL (R 22 4 06}
H2Z 72< 0.5 m), AN Amg A IE FUAR R, 3X 5 5 I A
T3 7= B I A K.

b) Bt Ula Fb, Al 2 K A RN Rt T T
%, R A A R R N R TR e 4



638 oW s N M

04 %

K BEZE SR sZ i AR /), DA IMM-UKFRL A i H
PRAFER BN TH 5 25 /NP T i

) I IEE AR TR ) 6 R AR, R LA R 7 s )
PR 58 22 AR, AR LB AL Ay A Y B A
MR SK.

6 458 (Conclusion)

ASCHEH T IMM-UKFJE % %, iR R g
QR W W ) A Ak T T B R AR AR BE A UK
IR PR AR AT TAE, Y 45 R 2 & BB g Al
MM BRI D Sk AT T M 25,
KAE T WA /NI ) BHE EAT 7 5, 45 L3R BHIMM-
UKF st BRI D& 22 doe /N IR, i HLAE OB 1) 46
I 1A) 5 A fr s (R 3SR W 5. DL B S e
i HE T S I R R R 08 B A A I 0 R A AR AR, L
S ARG B TR BRI UKE. AR IR O B 2
SR A I L, BRI 2 25 7= AR AN 0 B ) 55 G )
gE R, BRI /D AR pE O R 4 T UG IE U A A T 52
M) 08 B0 K 58, A1 At A Y A 1 st 7 B A YR A 5 R T
1) Js ).

& % ik (References):

[1] JULIER S J, UHLMANN J K, DURRANT-WHYTE HF. A new ap-
proach for filtering nonliear systems[C]//Proc of American Control
Conference. Seattle, WA: IEEE Press, 1995: 1628 — 1632.

[2] JULIER S J, UHLMANN J K. The scaled unscented transforma-
tion[Cl//Proc of American Control Conference. Anchorage, AK:
IEEE Press, 2002: 4555 — 4559.

[3] LI X R, BAR-SHALOM Y. Performance prediction of the IMM al-

gorithms[J]. IEEE Trans on American Electrochemical Society (AES),
1993, 29(3): 755 - 770.

[4] LI X R, BAR-SHALOM Y. Model-Set adaptation in multiple-model
estimation for hybrid systems[C]//Proc of American Control Confer-
ence. San Francisco, CA: [s.n.], 1992: 1794 — 1799.

[5] KIRUBARAJAN T, BAR-SHALOM Y. Kalman filter versus IMM es-
timerator: When do we need the latter?[J]. IEEE Trans on Aerospace
and Electronic Systems, 2003, 39(4) : 1452 — 1456.

[6] H:Z, FEWkif. 3¢ Ha 2 MR SILME AR 230 (). $ I BR 5 1,
2001, 18(4): 487 —492.
(LANG Yan, CHENG Yongmei. Analysis on the performance and
properties of interacting multiple models algorithm[J]. Control The-
ory & Applications, 2001,18(4): 487 — 492.)

[71 BOERS Y, DRIESSEN J N. Interacting multiple model particle fil-
ter[J]. IEE Proc: Radar Sonar Navigation, 2003, 150(5): 344 — 349.

Ve @A

FERE  (1974—), L, WIRE T AR TR 1% R
LWEIUAE, RIS 1) HGPSA R E AL R4 AL G S B
3\ {5 SR L7, E-mail: springirl @hit.edu.cn;

EPZE (1961—), 5, W, #aR, A S, mE 2RI Dlk
K22 A5 BRI JE AT 5 ohol AR, QAT 28 3) ) 2 H 4R BT SU
Pk, EEHTTTIT 1 AT A AL R e S R s A
PG EWA A S HRGEAT A S B 30, E-mail:
cui @astro.hit.edu.cn;

BEE (1970—), B, WBIRIE T RHNR TR 1% 2807,
FLWFT ) RS RN S B S S

& E (19740, L, 1997F T FF R /KK, B RIR
T EE PR ) B A A R L AR, WSS 1) ok A RO H 3
P



