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A target tracking algorithm for zigzag maneuver target tracking with
non-gaussian noises and randomly delayed measurements
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Abstract; To identify the turn rate of fighter Zigzag maneuver under one-step randomly delayed measurements and
non-Gaussian measurements noise and to achieve better tracking performance, based on the idea of joint estimation
and identification and Maximum Likelihood Estimation Criteria, a joint optimization algorithm based on expectation
maximization for target state estimation and turning angular identification is proposed, which takes mutual coupling
between target state and turning angular velocity into account. The algorithm basically contains two parts; E-step
and M-step. In the E-step, the likelihood function of particle filter was firstly reconstructed by fully taking one-step
randomly delayed measurements and non-Gaussian measurements noise into account, which improves the update
formula of particle weight. Meanwhile, in order to avoid particle deficiencies, the particle swarm algorithm was
introduced into the reconstructed particle filter to improve the sampling process. Secondly, the idea of rejection
sampling was introduced into the backward simulation particle smoother, and the termination condition for rejecting
the sampling was set accordingly, thus the backward simulation particle smoother was further optimized to improve
the execution efficiency of the smoothing algorithm. Lastly the smooth estimation of the target state was obtained by
using the improved particle filter and backward simulation particle smoother. In the M-step, a numerical
optimization algorithm was used to maximize the conditional likelihood function, and the estimation of the turning
angular velocity was thus obtained for the next iteration of the algorithm. The optimized solution of the closed-loop
form of the turning angular velocity was obtained by the iteration of E-step and M-step. Simulation results show that
the proposed algorithm performed better in state estimation and turn rate identification than the traditional
augmentation method.

Keywords: randomly delayed; expectation maximization; the joint estimation and identification; particle filter;
backward simulation particle smoother; rejection sampling; particle swarm

KRB 2013 05 30 LI S B AT B B B
WE: % AR I e e b o s o -
e Sl B BRI SR S o 224 R AL

BISIEE : A B 2] panda@ 163. com A A ERE AR, /AT R IR



- 84 - oK T

NAAVNEE S

551 4%

HLBI R e T AR 25 18, BRI e 23 i e e e i
SCAERR LU YRR S T AL SR 0 T L
AR LA Y JT R A A S BA RS
SLU s AR I TR ML Sl AR R O
Miz sh 28 RS B R B HLsh B bR 05425 A
JiE AT LA — 25 45 2 e TR ML S s A AL % SR
TESebRzs G R, th LS AR RS 1R, &
SO I ML B AR 2 25 A G W A 7 L3
I, 3 L3t A AR B R TS L 50 A e 2 s
T EsR

FR, FLEh F AR 25 # FE HR 00 ) 2 2045
B T2 WG, SCHR[4 -7 55 M MR
WERIMEPIRZS AR B TR ZS HEA T4 e AL 30, 9K )
o FH AR A e 5 1 R A T R NG TR A
e R A At AR B MO T E AR LR A %
72 ek Fhgg i AR g 7 2 P 22 Sk 8 - 10
S3 ARG 25 A e B S B AR R T ) A R R
Ji 2 [ B 2R, 1 50 SR T AR 4R e e S A
H EUAR R RE DT 1] A L3R | 03 B AR S A T T
PR 5 A . Yuan 251 1 5 A BE B AR
AL, SR T Cmin J7 36 3145 A0 1 £ 1972 £k
At HH AN T R 1 25 1l B A, 2 Tl i
B/ SRR A A e 25 A R 1 TMML 339 A T
AR Frencl 251 5 1 51 A B 2528 £k 3 8 0 Ak
THE S R, AR FH 3 B R AR A B B T 1 A
5% SR B A A A i 2 ) 2 55, o 25 A el
PEATHE— B 1E LASR 5 A 105 B, SR 5 MR Fre I 2k
P TC A A3V, ) FEDASE T A AR S A T s
VA HIEMBEE S AARRS Z R EBE LR,
BAR T HERURUE

R SCRRTEAG T R R 25 R R 2 A sk
I, IS5 B ) B3B8 52 ) 1 8 K b B s {H
B 7ESEBRE HARBREE AR, o THE S (5 A ST
B 1) 5 S W B A 38 e B AR T e S b A A
BEALAE R B G , T 3 B T 35 U A A 0
B MR I B AR 4 i A e Y o, —
P A1 L5 e M 7 5 2 9 MR 7 g M L 7 R O Y 7
MR HR TR SEPR A B AR b, i T 2R
YESRIABE LA S BARAR B T AR B B, (A5 B
S 0 e P S IR DA, 7 30 00 A, T 2 R R R K 1
IR R T RSz pRas R, th T TEALSh A
FRIGIES VRS, S8 T IR LS H AR 0 %% 25 £
Ji SR LI AR 1Y), I HL S BARIRSH IR kit
SR, — 5 T EARIR ZS A TV R I 4R TH A ) o 25
S B HER, 55— 7 T 25 40 o R M B G 3
THAFIT BARIR A TS B A4 &, (H 2 F o Sk
v T B F) s 2 A R W R I A 2 R S £

5 L BR 25 =2  OR 2 56 28 DL B FIR 45 5 2
FIF A3 HO B0, I LY SR BB S T 3R 15 B AL 7 2K,
WA AR

SEXT 13 )R, AR Sl FERR S 5
2510 I WS A 1 LT EM LIRS it 78
432 R T B HLAE R S A R W 5 4%, T
T BEALAER T A, T 2 0 (bR R 5 IR
J T REGRRERL T SR P B 1 A SR
TREE B IE A R RE e B, IE45 & 1) B4R
FEUAMETNE , i T — 5 B B HLAE R 4
AR 1 2P 1 I i DR - 2 2% DA
JF S PP 2 B AVIEE 5 43 B, O SR ) 4 Wk
AR P AL IR, R 0732 1R R 5 AR 75 5 5 25 £
R PSR 2 1B A O A, O 5 0 7 FELAR B AF
EM B HE 2 24 et L 6 0GB 1 88 1 7 . 2%
FEYE FFAL I+ B-step 36T X417 00 £ 8 1 I 5% T it
TR AL T8 58 55 5 S - 2837
F4 5 56TV A0 3 2 R 5 430 8 B L 005
SRR SR BRI AT M-step 334 KA 2L
SR RS T 175 R — Ve (0 e R
1 A

WML AT L SIS A TR ) 25 o
O B 25 L3 , DRI T ML 0 L b 25 ok B
S SR 2 £ A L9 25 L5 ) e AR
[0, 7 B — 5 B HLAE R DL Kl e M 5 BT
B8 R AE A T P2 B, 5 25 B B RIR 25 07
58

x,=fi  (x,,0,_) +w,_,,

fioi(x0,82,20) =
B sin(£2,_,T) cos(,_,T) -17
0, 0,
0 cos(2,_,T) 0 -sin(0,_,7)
1 —cos(2,_,T) sin(£2,_,T) "
0, 0,
LO sin(,_,T) 0 cos(, ,T) |

Afix, e R JPREZE &0, AT RIS A
T x, = I:xksjlck Yk a}./kJT;wk e R" HFEHHEFE LA
W L ELw,w) ] = 0,838, WP JE 5T & AL
BIARIRZS x, WAL X, ~ N(xg 30, Py)

— I BEHLAE R IR R

z,=h,(x,) +v,,

{yk =(L-y)z +yz1,k>1y, =z,
Kk e (1,2,-1,z, € R" JBRAG (%) £ 0 ) &5
Y, e R" SEBRA I ) e shy (- ) AR T e
v, e R NINERIEE S I S B s w, AH B0 ST,



54 1

FIEG, A I BENLIE R T Al AR R A ) AR R R A -85 -

BEE[ww, ] =051y, e R k>1} et AmaiA
Bernoulli 4347 1 B AILAS &2, BUETEFI7E 0 A1 1 2 [1]
IERCFCY

plyi=1) =Ely, ] =21,

p(y,=0) =1-E[y, ] =1-2,

E[ (y,=p)2]=(1=-2)A,
WIHAIRAS x, SRR {w, k=01, (v, k=11 AKX
e k=20 M. A Ay ) Bt ML SiE 3R A 2R — it
5 3% 2.

LR T T A L, DN R L R R RRAE
W 7 A R SR s IR ) DR R M 7 3 A
A R i 0 43 A7 M A — > BN g A i A R
FER , BRI 5 4 W 7 R Pl R R T A A L AR
Y5y o di KOy 25 B i 43 A AR
FEARSC Y rf R FH A o 397 20 A T 7 1 A AT 2
71N TE IR G DR R P | JELAE 5 2 1 e ] e
p(v) =(1 -g)N(v;u,,P,) +eN(v;u,,P,).

Krfrie e [0,1] R IANRRRN 3855 N (o5, , P) N
BIER w, 722 0P, o AR T v A HE SR %
) PR MR 75 (18— | BB A

w=E() =(1-g)u +su,,

P=E((v-p)(v-pn)") =(1-—g)P, +&P, + P,

T

KPP = (1 - &)l +epops —pp'
2 #-T PSOPF-EM #y gk & ff 1t 5§ #5R

S

R T P I — A5 B AL AE IR A = 0 A A T e
TEHLEN B A5 00 AR N5 25 R B R B AR S Ak 1T
7]/, AR S e A o RS B AR S A TS
K P T T PSOPF-EM (AT 59N
2o N T ARG R A BLRAZ 1 T B[R] AR, AR SCE 2o Xt
Je DR 51 B 15 2k AR e A T AR
AN 2 i A B = RN D AT RIS 3 T Gl N ]
AT WS AR R 1, AR B R /N T A 4
WS AT RS bRae R A AT 30E , T TR s 5
P ) A S50 B 22 IRl 1 ELR Y SR HE AR
K1 iR,

EM B3 5 iof H% R A 36F BB 4% R 5 L (Y, |
Yo' SRAS R R A A, D

(2 = argmax L,(Y, Y"1 A
argmaxlog py, ( Yfli—l | Yllh,il ) s

ALYy =y s,y ) SRR AR .

HY T — 25 Bl A1 2E 3R 8 00 B A B R 2 1)
I, R BB A R A AN 52 A B 14 6 BB 4R pR B
Lo (Y, 1Y) SRRl RSB, Ry T il i A~ 1)

B EM B RS X, 5 A B BUR
PR A8 T A B X BB AR R L (X,
Y/IZ—Z | Y’filil ) ’;H\:qjxﬁ—l—l =40, X, X,

k « k+1
|— ____________ || Tteration Decision | ﬁutgkpﬁsl
lParticle swarm optimized Particle filter | | I
I ﬁk(l) t<—t+1 | |Turn Rate

| | output

PPOP ")

Forward Filtering Backward
Simulation Smoother

State |
estimation|

E1 EAfiit5HR

Fig. 1 The joint estimation and identification
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optimization with measuring random delay
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algorithm
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Fig.6  RMSE of turn rate identification
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