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A Maneuvering Target Tracking Algorithm with
Variable Dimensions
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Abstract; In order to improve the performance of maneuvering target tracking, a RA-Jerk-EKF method is
proposed by integrating the target radial acceleration into the measurement matrix, thus to improve the
tracking accuracy by increasing the dimensions of measurement matrix. In the proposed method, the radial
acceleration is derived based on Fractional Fourier Transformation (FRFT) in signal processing phase, and
is then brought into the measurement vector through coordinate transformation. In data processing phase, a
method of Exiended Kalman Filier (EKF) based on Jerk model is adopted to resolve the problem of the non-
linearity of the measurement equation in filtering. Simulation is made to compare the proposed method with
the traditional Jerk model based EKF without acceleration measurement. The results show that the proposed
algorithm has better performance on tracking accuracy, and estimation accuracies of position, acceleration
and velocity are improved at the same time.

Key words: maneuvering target; radial acceleration; EKF; Jerk model; FRFT

T BE A B AR LR 7 08 R AR S IR AR R L, il e

0 B e fe . iy -
5l [ 15 5 VAR AR B SR BOTT 74 2 B AR il R AR

HRTHLEh HARER B 77 vk 2R RpLEh H AR T
SCHHLEN B ARIRERT Y AR A B ARHLBI B R B T
S HBLBREOE B 23 =R E R B M. BT RA,
38 o BR B PR BB ) — RS R 3 I A R, RIS
WEST , BEARIHEERI B, FWESEH

18 H #7:2016-07-26 &5 B #5:2016-09-02

E&TH: BER A RB¥EHGAEEL(61531020) ; HE H RB¥ L
T 3% B (6147383)

EER B E (1984 —) 2, ILREM A, i, R0, Bt 1
FHLBh BERIRER

W BEXE LS H AR IR BE AR R 5 I A B B 1 A i ]
PIREALED H AR 9 B Bk . UL, 3R T RA-Jerk-
EKF 83k, RBIRTE AR 5 A B Iy BOR 2 4 14 2L
A4 (FRET) Al 31t H AR 1 el B, FERFA% 1 i o B2
EHERAT AR R TIARBE R LN EN R EF, N
iR R PSR T R R R M T AR (R, 7 B AL B
BRAT Jerk BMRMY ERI/R Z BB A% (EKF) ST
e B B ELRAS BB (G EBAE T I7
BRI, 3F S50 R AL 1 i R A Jerk-
EKF Jrikibts T M B ER R 1% 07E BT



2 Bt 5 B # 5524 %
BE AR, FIREAEEERE B, I BEN .- _A_fscot(& ) 5)
BN A IR O T WA BT ’ 2t e

1 RA-Jerk-EKF &3k

1.1 5S40 I8 F B A3 1o ik B il i

bk b ZE B AR SHEE BRI S, X @i
BENBE B iR, R E SR R(1) =R, + v, +
ar’/2(R, 3 BARBIE B FIAREERS ) , R % I8Nz 3
TE UL , 72 % J o ) PAY [0 90 0 2 ) 2P R BE R A s i

ar= 2R 2, (1)
g . e 2vo 2fd
A HEERAEFUR v, =f 2 = 2k
28 2k,

BB sfy HYIEHR s = fo~ - = - BARAR b I L

kB IE T EN S E LR, KRS H 24
PE3eAl , B BEIE 7 A AR I — DRSS 5. [E3
ERREER L EE T EENEEIEE ¢ NEE e
R W)

kA
a =7 o (2)
FRFT 52 3 K
X, (u) =

mf x(t)ejn(t2+u2)cotorj2-rrutcscadt o % n

x(1) o =2nmw
- x(t) a=2n+1)mw
(3)

KX ,a=pn/2,pe[0,4], FRFT \AJK I 255
SRR DN TAERKEERMG S, EF48E
HIBERE A BT cot oo = —2a/A SHE S HEAT 20 S48 B it
e BRSNS EEM R 2
HAEE M REE , HIR B B B Al , T SE L 355
AL B bt mis s 2800 1. & FRET By 4)
IR ST Ry S <R WS

M N/2

ejn(—mzcmmzmcsca—nzcotq)/(zFVx n 4
2F ",:Zm (ZF) (4)

KA 2F R {55 ™ “x (1) A I 9 A(@)=v/TFcot 0t
XAMEIETHA] FFT S8, MR AR EHN O(Ng N) .
P55 A 16 o B — R R L 7E — M1 R A Bl
B UURERE A o AR, RIS S T A B B et
e R (a,u) B9 41, 78 00 3R R E B E
BEAT U1 ki A — 48 2% B VT 45 08 i) 25 0 s B
A1) 220 W A B B (0t 0 ) VTS 2
FAE, 42 ] insg BEAL THE N

X (m)=

A S, SRS 50 A WU ]
1.2 REFE
RETREH BB IR ER, T Jerk
R LS B AR TR AT AR
X(k+1) =F(k+1,k)X(k) +w(k) (6)
Hop R0 B
X(k+1) =
[xk+1 Bpor Xt Fpot Yot Vet Yier .9"'k+1:|T (7)
KF 0 Gpar s Bt Bt F00 015 Trar s Furn s Vet PHIR
N b+ 1 BRI AR« J7 Ay J7 1 608 R
BERAMANERE o

F(k+1,k) =diag(F,,(k+1,k) ,F,,(k+1,k)) (8)
1 T T2 p
01 T gq
K L,F, (k+1,k) =F,(k+1,k) = ,
00 1 r
00 0 s

p,=(2-2aT+’T" -2e™")/(2¢’) ,q, = (e -1 +
al)/o’,r,=(1 —e™ ) /a,s, =™, a FHLEE
B, T RFREERH .
1.3 ENAHRE
T B TER AR AR R T AT RS B E W (BEE
Jrfifa ) , FIA FRET AR 07 55 7 LUS 342 ) 3 B2 2
AR EE W, B I & m ERA N
zZ; =} 6 v, a,]'=
[r 0 v al'+[7 § 3 &l (9)
R :r=/2" +y7 30 = arctan(y/x) 327 K k B2 AE 5
55 A BAR R B I B ) &, P R 2 )
TN o) A2 e BE B W v, F1AR o  BE &
ay;r,0,v M a 533 R EERS 7 R AR ol R RE RIAE [kl i
B, 7,0, ¥ B a HHHBLRIRE, HRE
TR BME RN Z i = 9 5L e 75 5 5 AT SE 3T 2 ST
TENBNH o) 05,0, o,
1) ERENET R,
IR AL b5 B B AL AR B L B R B U & 7 IR AT R
A
Z(k)=H (k)X(k) =
1 0 0 0 0 O .
[000100]["y i yIn (0

Z, (k)7 k B2 BARRY RISl R 07 2 0

&y



8

BHES: TEOIERRERE 3

o o
R=[ 7] (11

g, 0O,

Ao =%(r2+ a';:)(l +Ajcos 26) + (A;Z -2)rcos’6;

1 -2 W
0-: =?(T2 +0’2) (1 —A;OOS 26) & (A-g 3 —2)Y—Slﬂ_0;0'zy =

1, 2 . -2 2. !
0, =5 (r +0,)A;sin 26 + (1, ~2)7 sin feos 6,A, =

27 4
& *=A

2) BRMEEAE R E RN E,
AR AR T A A R A B R o e
W B R AL A S
Z,(k) =h(k,X(Ek)) +W(k) =
S, (k) S,(k) 0 S, (k) S,(k) 0
S(k) 0 Sk Sk 0 Skl

[x vy 5 % ;]T"'W(k) (12)
A :W(k) RERGES, BENMETHEORS;

6 /]
Sl(k)|x=x(x|b) :;'ZS:;_ J;%’c:; S’(k)| X=X(k| k) = =cos 6;

xxsin @  xycos
Sa(k)|x=x(i|n W"’ x{+y 35, (k)| X=X(k| ) = =sin 6;

S.(F)lx. _xysm . yycos 0 _ xx(xsin §—ycos 9)
Rl T T TRV -
2(xsin @ —ycos B)(—yxcos 6 — yysin §) + S, (k)|

(« +y W +y

cos 0357("‘)|x=xu|k) = _x:;sm : M
+y P +y

X=X(k| k) =

y¥(&sin § —jcos )’ 2(xsm 0 —ycos 6)(xxcos O+ xysin 9)

(2 +9°) /% +y (5" +y° )2 +y

S (k) |X=X(i|i) =sin 6,
2 {FEIHE

NIRRT B M REA A B, RE — AL R B L
3 BimiE s 5L , Bk RE R AR B BE v | 4
Pk B RS VR RE , I 5 18 G B AN A A2 1 0 3 BE Y
Jerk-EKF HARIRER BB HAT L

EHESET, BEFEWK A =8 om, FRER
SAEHBRFEERR T, =5 x 107 s, WP B Ky ¢ =
50 ms,{5% Hi 0 dB, FRFT Bk, 2R #5314 u
FHERAE o 53 HIBIE N 500 F10.062 5°, FXTERE

AEBEBBERFEFIRN T, =1 s BERERIRE 7 =100 m,

AEENIRE6 =0.5° ,MEFENERELF =1 o/,
Hir &S RA:X(0) =120 000 m, -426 m/s,0 m/
$7,2000 m,0 m/s,0 m/s’ 1", BiziE a3 B FH A 90 s,

HAn R AL 2 R AnEER/NNER 1 B, BiRnE
AR TS PTmE 1 Fim.
®1 BHRSBEHFLR
Table 1 The movement of maneuvering target
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Fig.1 Target trajectory
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Fig.2 The actual and estimated value of radial acceleration
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Fig.3 Performance comparison of Jerk-EKF and
RA-Jerk-EKF based algorithms
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