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Maneuvering Targets Tracking Based on Pose-Aided Nonlinear Filter Algorithm
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Abstract :

by the analysis of relationship between pose and motion characteristic in 2D and 3D, with pose and velocity modulus as its control,

Based on the thought of Extended Kalman Filter (EKF) , the nonlinear filter fusing pose information was proposed

the position of target was estimated through state and measurement equations, pose information and position information are fused
effectively . The simulation results, which under the condition that pose with different noise, validate the accuracy and real time of the

algorithm.
Key words: target tracking; pose; extended Kalman filter; nonlinear filtering
1 3% R

£ A bz s 8T L, 2275 00 REAB AR 4 (g T
FARI3E SRS . R, 5 A T - R el 45 551
AP F s BORT H AR BRI R4S 3 1 OG-,

SCHRL7 PR 3SMAE IRAS 5, 5 X R Y Bl id o
Lo — R 5UEN, @ar Tissh B, LB T
YT DA S22 A0 A B AR B , TR XS 2 2 [A] vz gl
TR L WFFE . SCHR (8 I 28 245 A 4l By 22 1 X0kE
FUEP (Interacting Multiple Model Particle Filter Algorithm,
IMMPF) RS 70 ) 4 3o 2, 3 2o 8 25 A 15 2 i iz sl X
ARSI SCI A B R BB B, HE T HEIR S R S IMMPF
BT 1A I SR ASU AT il 4, 41 8 Bk R 2 5 B
T3 R FE R AL GE T3 5 B 7 2 R A T 0t , X BRER
RO AN, SCRR (9 5 37 A 35 7 B e i i
JE SRR SE 15 DR 15 A ST R 9
AR N HRF , WAL (R B2 B & T o
SRR L (AABE TR F) 8 IR RS JEE 32 Y 25 A R ZE IR IR L

Wik H 11 :2011-05-26; & 7] H 1 :2012-05-14
435 H - B R L4 (No. 513270203)

BTN 3R AR AR R ) 8, % B AR s 5 %S
16 R AT T 4007, 454 EKF JEAR 77 7 75 i 4 Bl
HAEZR I I (Pose-Aided Nonlinear Filter, PANF) 35 ¥ 1%
T YRR TR AU T RGBT B AR R
BRI T8 T, SR AR REAS B i LS S e H AR G AL
LR I i RERS N e s g I = RPN IR SR S
2 “HIREEE
2.1 ZHBshah

HbRTE 4t AR AR RN AE s S mfif ¢ B & % Y)
IEEZ I 1R .

El AL B A SRE 2 H A5 sl 4k 532 sh Bk 4 V)
R, S APLBIETE A spy bty €D B PAT T X Bl
LREE MRS L,/ EAD g A I Z0 9 0 £ . AB X 1o e
£ A AL FA 724K A,/ BSA = A¢. ./ EAB } EA 5 AB
(e fy ARG TLAT e /A% EAB = Ag/2 4%



X

5
(o]
=

K Bl BTSN A B AR S B A RS H FR R

1671

YA

E1 BRgESREE

AB B R AB = ) AB (2)
F BRI A A RRAE A

AX = AC = ABcos(/ BAD)
%@A’ém(gﬁ Y.)) (3)
AY = CB = ABsin(/ BAD)

= Z*LSHI(AAG[} /Z)A}sin( J—AP/2) (4)
B K BETT 5 A 16 20308 RS (2% «
AB=V, (s)
W Bk Al E W, HAR T — B2 A Y
FITERE ZR07 8 285 A0 8 D O A7 sk B ) A1 4[] ke
T M= B AR T — B 2R S #4748 5800 1)
ikt
2.2 ZHEIKER
16 FIRI T Eml |, 8 sr — 4E e DA RS 5 L
A Ty A 53
X(k+1)=f(X(k),V(k),u(k)) +v(k) (6)
ZEk+1)=h(X(k+1),AV(E+1),u(k+1)+w(k+1)
(7)
H w (k) =[oCk) k) 1" R3S 0 a5,
X(k)=[x(k) (k)" ARERE, V(E) R HEE B
B, v CE) AT w (ke + 1) 4353 kg e R e 7 g 0 e 7, 350
FEEE I MRS B 258 Q(k) T R(k).
(DR (3) ~ ()RS — 2
X(k+11k)=ElX(k+1)1Z"]
=ELA(X(k),V(k),u(k))+v(k)Z]
= f(XCk1 k), V(k1k),u(k))
=F(k)X(klk) +
2—Lm(¢((kk))/2> f/(klk)cos( o(k) —J(b(z—k>) ®

25in(5/3' (k)/2) ¢ . M
30h) V(klk)sm(</1(k)— ) )

Hepr F (k) B hii e, 28 O k 2000 SRS
(2) W5 26— il
P(K+11k) = F(k)P(kIK)F'(k) + Q(k) (9)
(3) B E— 2 i

f/(k+1|k)=f/(klk)+_2mjl<ﬁ(k)(i(k+llk)—i(klk))

(10)
L(E+11k)=

(x(k+11k) —x(k1 k) + (y(k+11k) = y(klk))>
FR X(k+11k) 5 X (k1 B)Z WA E, Lk E)FR
XCk1k)5 X(k =11k - 1) 2088, K; (k)4 k %)
WA KR XL i Mok,

(4) 000 F )
Z(k+11k)

=ElZ(k+1)1Z"]

=ELR(X(k+1),AV(k+1),u(k)) +w(k)IZ]

=h(X(k+11k),AV(k+11k),u(k))

“H(E+DX(k+11k)

MM(MUIC)C%(S&M)—MZ—“)

¢ (k)
+ . ;
2sin(g(k)/2) A . 51_1(k)
o(k) AV(k+1|k)sm(</)(k)— 2 )

(11)
AVCE+11E)=V(k+11E) - V(klE), H(k+1) N K

BRI

(5) e FH B J7 22
S(k+1)=H(k+1D)Pk+11E)H (E+1)+ R(k+1)
(12)
(6) AR T B I 18
Xk+11Ek+D)=XCk+11E)+K(k+Dn(k+1)
(13)
HA:
Kk+1)=P(k+11E)H (E+1)S '(k+1)
(14)
n(k+1)=Z(k+1)-Z(k+11k) (15)
(T W5 26 0 5 1
Plk+11k+1) (16)
=P(k+11k)-K(k+1)S(k+1)K"(k+1)
(8) B P B
V(k+11k+1) =
f/(k+llk)+£}Kﬁ(k+l)(2(k+llk+1)
—L(k+11k)) (17)
3 ZHIREEE
3.1 =ZHEBINHH

FE AT IR A A o (AT AR R R A



1672 M F o 2012 4E
I, BFRTE =4k A8 bR A, C, = Ay Bjcos(/ CA,By)
ZY Yz sl nl F) 2sin(A0/2) — Al
IRH F61 0 005 A A4 =" a9 M Breos( 0-5)) (20)

¢ KA IR, U 2 Fr
IR
K, B C, T

HTF1H 0XY, A, C,
FAT T OXY. AR
o on B,
JCAE =0, 1B H2 BRSEEHALETIREE
SR A S B, =20,/ E,AB,
/ C/AB,=./CAE -/BAE, =

=N0/2,75
0-A0/2
(18)
7 W FAs A AR OXY i FHGE A, C N
AZ = B,C,=A,B;sin(/£ C,A,B,)

2sin(AG/2) — Af
%fl B,sm(@— ) (19)

X (k+11k) = E[ X, (k+1)127]

= ELfr(Xp(k), Vo(k)  up(k)) + ve( k)1 Z5]

= (X ChVE), Vi(h k), up(h))

4sin(8 (k) /2)sin(p(k)/2)

AT T OXY VL, C, AHXTT A WARFRASAL A
AX = um(A )A Clcos( <,/1—é(/3)

2

4sm(A¢1/2)sm(A9/2) — Ay Al
AGAG ABreos ¢ - 2)cos(0— 2)

(21)

AY = —Sb—sm(j I, Clsin(gb—%“é)

4sm( AP/2)sin(AO2) — A¢ Al
NN A1 Bysin (¢ 2)"05(@‘ 2)

(22)

Z1—§1 =V (23)

3.2 ZHEEIEER
=Y R T A g AR AR L, 32 X A
PRAS — A ) A ) e, e = an T

VrCk 1 k)eos( 0Ck) -

) conl k) - £412)

G(k)$(k)
_ A 4sin(0 (k) /2)sin(p(k)/2) M
CF ()X (k1K) + TN VT(ka)cos(ﬁ(k)— ) nf (k) - 252
2751“(6@((:))/2) 7, (k| k)sm( 0(k) - Q)
(24)
Z(k+11k) = E[ Z,(k+1)12"]
= ELhe(Xp(k+1),AVp(E+1),up(k)) + wp( k)1 Z4]
4sin(0 (k) /2)sin(y(k)/2) \ « M
e 2 e 008 - 25 sl w0 - #5E)
CH(k+ DX (k+11k) + 4Si“(9(’g)</kz));i(“l(c‘f(k)/z)Af/T(k|k)cos(e(k>— ) (¢(k) )
2sin(0(k)/2) , « . (_)
R AFyCk1Bsin{ 0Ck) - 2UE)
(25)

4 KWERSHT

4.1 ZHIRIK=R

5 B ARG B R [2000m  26722m] , 8 J3F 4
WG 1H R 400m/s, D fiie FA 90 4R (H >l - 180°, 15 FLA ] 2
200s, SRFEAIBE A 1s, HFRTE 20 ~ 80s PN LA 3°/s 147 5%
25,120 ~ 180s LA — 3°/s 2254, FoAth Bif 1] &) 3 B £k is
S AE Bl A 3 TR LR A A A TS R R SR
[ 14 ] r B 35 T [ A 5l A5 BT P2 ) 74 R B3 Bkt
T AT A R AT £ A T B KR 22 R 1. 1e, JR B RE I oy

0.9s, 1 /& R A ] B 19 75 2K . 22 3 IMMKF R B 3L 5)
AR S AR 3 A R, W) G AR N
(0.6 0.2 0.2 ].IMMPF & %R H =4 FHHE R+
Bl 100 4.

M 3 AT LLE A SCH Al i IMMKE 553 LA
S IMMPF SR e A5 A 80 S B — e ML 30 B A5 IR BRI
4 AT LA, 2 i IMMKE L 0 (B0 8 i 2 30 BU SR,
A SR ¥ 5 IMMPF 53 9 B B 0 0 12 30T, #1 bb 48 it
IMMKF %Fg‘ﬁﬁ&—?i&%ﬁ% l’é‘l SR ERER IR ZE AT T LR .

FEG AR E R, @it 100 R Rk E, R



%8 M i3

Il BT RS B AR MR B L AL 3l F AR R ER 1673

P T ARERZERS XY Sl A TR LR AT B SR 1]
K327 o) 1] 83208 R H AR = 4 %5 M AT
I, A 3R 22 FEACHE 1oAY, SCRR [ 21 R T R
WA /N 3R 7 15 AL AR 5 B S AR DT B 1Y
FIR 28 25 BB D7 58, 2 25 0 DN 5t S IORS A, R 22 A
0.4°LA P, fHAR 0 S P AS BIARL . Oy 30 3IE A SCAR0 725 o 2
AAYUEEE J7, XF A 2225 0 LUAS () i 52 9 Bl B
WA I 100 WS % 50, X TR BEREA T X LE

M 6 AT A SCRE BAT R I HT e A RE )
MR AT LA A ORIk AR A [ 75 25 0 1 A TR
JESE 6 —2 NI R A SCRE B L 42

FLB H A B2 355 8 1 1 S5 B P L IMMPF 5835 78 R RS B
T HAER A LK
K1 ZHEHFREMBERFELEFEITLL

X Y FEAT (ms)

£ i IMMKF 78.5 63.8 0.46
IMMPF 32.1 30.5 204.6
PANF 37.2 38.1 0.03
1 M {EL Bt AL M 44.9 39.6 0.04
2 B B AL 48.1 45.4 0.03
3 W {EL B AL P 56.8 52.1 0.04
4 T (E B AL P 67.1 62.9 0.03

e e IMMKF

160 — PANF

140 == VA B 7
120 2'%&%1’1@%
£ 100k —— 3B
2 ol A B AL 7

2 ool PRI

104
3x 0 200
25F
oL
15} £
£ " &
ST — True =
05l -~~~ Measurement F
' --— IMMKF
0 —— IMMPF
1\\_“_“““_\‘__ ........... PANF
-0.5 L I 1 1
-16 -1 -05 0 05 1 1.5 2
X/m x104
B3 —fEshl kRS R
X100 140
124 — True
""" Measurement o
1.22F —— IMMKF
—— IMMPF
12} &
g 5
£ g
4

RMSE/m

L L L
1 1.06 1.1 1.15 12 125 13
X/m x104

B4 FEBOCE

4.2 ZHIEKESH

fixise H AR 90 46 {8y [2000m  26722m  8000m ], 4
FERAE W 4R {H R 400m/s, I AT £ 90 46 (5 R — 180°, IFF A
FARIWIERE 0, 475 ELES[A] Ry 200s, SR A (B BR 4 1s, 76
20 ~ 50s LARY A B 3°/s 475575 ,70 ~ 100s L - 3°/s fiff
1,100 ~ 130s LA 3°/s €T}, 150 ~ 180s LA — 3°/s Zefit 25
oA (] 513 R 2 8l 32 sh Ll an &l 7 s S
f TR 5 R I 2% H AR R . 2 IMMKF SR ERUST 3
SRS ST b SIEICTE AL AR S AT
B WEEHER (0.6 0.1 0.1 0.1 0.1].IMMPFZ&
PoRH 5 AT R0k 100.

YRRV ARG A RN 7 ~ 10 gk 2, 5
B 25 45 AR, 3% BB AS PR A

XF LA b AR A5 SR AT o3 A, ARG TR BE D7 T, AR 3C
RPN LS MG B AR G BRI, LT S

tls
(b) Y1)

Bl5 ZERERIRELE

0 50 700 750 260
tls
() Y75 1)
Ee6 AREBEVLES T _4REREHE

FAMZEEME LA, ZHEEEME R T
ARG ORT I 5 7 J5 P KRB I J7 1T, 22 it IMMKF 3.
LRI 3 5 A BERY IR 7 ) 2351 Ry DU ZEFIN
i, AT FUR — Y 1) B AE 5003 031 g — 2
=4 D TR SR AR I FL B/ IMMPF B33
BSRHAT 3 F 5 AR R E0C 100, R FUEOR,

10000

8000

6000

t — True
4000 % F -

2000
5
x10¢

Y/m

X/m

50
B7 =%@shiul RRERE R



1674 H, T

2012 4

IR RE R, 8 35 K F IMMKE AR SO
R2 SHEHFTRENERTEAEEIL

ook B iRiR2E (m) JAE B FERT
X Y Z (ms)
22 it IMMKF 133.7  115.6 9.1 0.66
IMMPF 28.5  29.1 27.8 340.5
PANF 23 238 19.5 0.04
1 DR BB R 25.1 28.4  25.7 0.03
2 IS ERENLE 2.4 30.1 32.6 0.04
3 R AL 39.4  41.0  50.9 0.03
4 W BEHLIG 71.1 59.6  74.2 0.04

8100

_____ Measurement
8000 -—— IMMKF

—<— IMMPF

x10¢

2.55000 X/m

E8 AR E

£ £ €
3 3
2] 75} [72]
2 2 2
100 150 200 R 100 150 200
tls tls
(b) YéliJ7 1 (c) ZJ5 1A
B9 =#iEZ3RERELE
500 IMMKF 260 IMMKF LA 350 IMMKF
——PANF y —PANF N 300F —— PANF
408 iR AL o A - U REBERLIE S —+— BB
QURAEBHLE A 2B 2501 i e Bl LR
Eaool! L ——3MREBaALR A £ 1501 — SWABLBARLIR R E 00| — 3WiREBIALYE
& o AEREBEALEE & co AWRIERERLR a AR EREHL
2 200 : S 100 K W Ty 2
o~ ¥
% ' 700 750 200 S %0 100 10 200

tls tls
(b) Yy 1)

(¢) Z&hJ7 1)

B10 ARBEHLERET = 4RERRE R

5 4Z5ig

AR SO 22 2540 05 B0 H AR BRER 1 45 A1, 245
B AR S ug i AR, LIS 75 Ay R T AR Ay 47 7]
T, ST T A SR B ) A e D R B T R AR
ST RS MR R S OB B A SRS B
W BRI R e T H ARz s bl sh, Ak B R
R ERPERE , HBAT B RO RS E PE RIS

S 3k

(1] 2930, B2 BRiA, 45 CHL =428 5 1 7 73 05
I ] i [T 62 % TR, 2010, 18(2) :369 — 376.
Wang Xi-wen, Ma Jun, Chen Juan, et al. Direction vector
method of angle bisector lines for measuring aircracft’ s 3D atti-
tude[ J] . Optics and Precision Engineering,2010,18(2):369 —

376. (in Chinese)

(2] skAHS, 3R, SRENE , 5 AL TP AR 1 L SR

BRI ST [ T] . SRR, f5 BRL A R, 2004, 29
(4):287-292.
Zhang Zu-xun, Su Guo-zhong, Zhang Jian-qing, et al. Airplane
pose measurement from image sequences[J]. Geomatics and
Information Science of Wuhan University,2004,29(4) : 287 —
292. (in Chinese)

(3] AR5 B, TER) I T A R R IR L2 A5 7 5
15 L2441, 2007,29(8) : 1826 — 1828.

Zou Yi-min, Wang Bo. Estimate of ball pose by monocular vi-
sion image[J] . Journal of Electronics & Information Technolo-
2y.2007,29(8) : 1826 — 1828. (in Chinese)

(4] £ 0B BRI, 55 8 A AL PR PE MR 75 Al TLA
LS HARMER AR P Bk [T ] L 72440, 2011,39(6) :
1417 - 1422.



%8 M i3

Il BT RS B AR MR B L AL 3l F AR R ER 1675

Wang Tong-qi, Jiao Yuan-yuan, Zhou Hai-yin, et al. An itera-
tive filter for nonlinear satellite attitude determination system
with multiplicative stochastic matrix[ J] . Acta Electronica Sini-
ca,2011,39(6) : 1417 — 1422. (in Chinese)
(5] (i, £, 4 B2, 5 —Fs Tk = ) i
ML BMTER ALY 7540, 2005,33(3) : 568 - 570.
Fu Jian-guo, Wang Xiao-tong, Jin Liang-an, et al. A new
quatemion-based attitude estimation algorithm using the gravita-
tional field and geomagnetic field observation[J]. Acta Elec-
tronica Sinica,2005,33(3) :568 — 570. (in Chinese)
PR sk H 3, M 7R L. Galileo R 58 7E 25 8] AT 7 KA
FE N HILT] . AL TR , 2004, 32(12) :2098 - 2101
Chen Zhi, Zhang Qi-shan, Yang Dong-kai. The application of

(6

—

galileo system on spacecraft attitude determination[J]. Acta
Electronica Sinica,2004,32(12) :2098 — 2101 . (in Chinese)
[7] D G Lainiotis. ,I A Marinitsis,S K Katsikas. Adaptive Nonlin-
ear Algorithm for Radar Tracking with Roll Angle Measurement
of Maneuvering Targets[ A ] . Proceedings of 7th Electrotechni-
cal Conference| C] . Mediterranean: IEEE, 1994 .96 — 100.
Jil e B R — R RS A R B IMMPE 535 [T]. &
Bidli ¢4 ,2010,22(7) : 1609 - 1613.
Zhou Yun-feng, Shan Gan-lin. Pose-angle aided IMMPF algo-
rithm[ J] . Journal of System Simulation, 2010,22(7): 1609 —
1613. (in Chinese)
[9] D K F P Andrisani, D Gleason. A nonlinear tracker using atti-
tude measurements[ J] . IEEE Trans on Aerospace and Electron-
ic Systems, 1986,22(5) :533 — 539.
[10] 25Nt , S %2, BAiefE , 5 . — AP BEM) Kalman JE B HL3)
FIARER B2 (08 0k [0 ] B R 4 S A B, 2009, 24.(4)
483 — 486.
Li Peng-fei, Huang Jian-jun, Huang Jing-xiong, et al. Fuzzy

(8

—

kalman filter for maneuvering target tracking[J]. Journal of
Data Acquisition & Processing, 2009, 24 (4) : 483 - 486. (in
Chinese)

[11] A Z Mukesh,S N Merchant, B D Uday. Arbitrary Trajectories
Tracking Using Multiple Model Based Particle Filtering in In-
frared Image Sequence [ A ]. Proceeding of the International
Conference on Information Technology: Code and Computing
(ITCC04)[ C] . Washington: IEEE, 2004 . 603 — 607 .

[12] M H Bahari, A Karaz, H Khaloozadeh. High maneuver target
tracking based on combined Kalman filter and fuzzy logic
[ A].Information, Decision and Control[ C ] . Adelaide: IEEE,

2007.59 - 64.
(3] TrfioF . CHL ATy 2E M 85T 23 R K27 H R
#,2005.42 - 44.

[14] &&= ETHRERGH B EE MM &y D],
ARE S 5HTFIRR, M TR, 2010.

EEEN

3Bl 53,1987 ARAE T IR, ML
Tz Be il LT A EEO ST 1 HAR R ER 5
R RRA.

E-mail : wodezhangkai @ 126 . com

BHEZE 51962 FETILHUAR, T
ReFBE AR . BT 07 0 EARBRER 5 15 BRk
A, LT RGERER I S W4

H R H 19810 AT, WL, FEAR LA Bk, J2 SR
FEI7 ) i R G HIE S N

Br i 55,1982 4R T, 1, BRSSO ] RS
HHE5 I .



