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Abstract: To solve the problem that measurement loss which happens during tracking multiple
maneuvering targets by Doppler radar due to Doppler blind zone (DBZ) can jeopardize the per-
formance of the tracker, the minimum detectable velocity (MDV) was introduced into the interac-
tive multi-model generalized labeled multi-Bernoulli (IMM-GLMB) filter and the MDV informa-
tion was used to suppress the impact of the DBZ on the tracker. Firstly, the interactive multiple
model (IMM) algorithm based on the Markov branch merging strategy was adopted to find a so-
lution to the difficulty that the maneuvering target could not be tracked under the condition of a
single motion model. Secondly, the detection probability model incorporating the MDV informa-
tion was introduced into the update equation of the IMM-GLMB filter with the implementation

process being detailed, and the MDV and Doppler information were used to improve the perform-
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ance of the tracker. Finally, an adaptive track start algorithm suitable for the generalized labeled

multi-Bernoulli (GLMB) filter was proposed with a view to solving the problem that the current

algorithm needs a fixed track start position to track. The simulation results show that the pro-

posed filtering algorithm has better performance under different DBZ widths with DBZ having lit-

tle impact on the performance of the filter especially when it is small and also sees a 34%

improvement in single step running time.

Keywords: maneuvering multi-target tracking; Doppler blind zone; track initiation; generalized

labeled multi-Bernoulli

TE 2238 W v ik B R E bR R bl R 23
BRI R ) D T DA R ) A 0, AR T
PRERARPERE . U2, B TR RS R W SRR 1, 4 H AR
14 22 385 8y /N 1 e /N o] ARG 9 (MDD V) S H bR
L TC TR AL IR AR R, 3 i 2 X (DB, &
ES @ RTY RS AN T I T 11 AN 1 A [ P

H T VXA 8], Gordon 2844 DBZ 15 4%
B A BN Bk IR bt FE IR L S
Hik 4 45 Hh 22 BT ROk 7 6 8 2% L T OR IR B DBZ i
MILEN H AR, A, —sb2z 38 45 & Z RO LD il
IS INGE Bl 45 1k AR K fif P X AN AT, Koch 55 45
5 R 7 % ¥ MDV E R & — g R
SR H bR e Z 38 R — > 5 Z A AR
BRECT, Y H bR A DBZ )5 3045 — A BAR B K
DUABE 2, 38 2ok 5 ] A B 0 ok R R T A

T4 B2 2 1 22 H AR & 5 SCHRC8 1482 th “ XUk
U743 B %, A A A $L &  3% 7R B F DBZ 5l
A B I L L B AR 7E s RS AR TH AT AR X A
R G 2™ . SCHkC9 T3 2o it Y 3k 00 8- a8 O Bk 1Y)
Ji kB PR R TR — B A i W R A Bk 4R
WO ESE ., PR BARRE TR ELLE
Z (R B30 H0 G Bk ek A T 3 T RE LA BR A2 (RFS) I £
A PR B B AT DAk S i — R, R R TR Y
TR A, SCHR[10 38 0K STk [6 ] i) Ak S A8
BT Joe 3] fey W7 R G 3 M %% B (GMEPHD) JE %
# L SCEAE DBZ R T B £ B AR IR, SCHk[11]
A IRy H B A FAOHE A i % B (CPHD) 8 % 4%
o H R, B S SCER A URI T MDYV A BT Z g
T2, i, Scik 12 [ A £ 3%
=45 B A MDV {5 2, 4 1 GM-PHD 1) 3 40

R R BE R EE ML BN H AR, S A P X A (7]
5T T AR 22 5L T AL AT R S 1 22 A5 R 5
Peo Bilhn, ZRORAER R % (MM-PHD) M 246
TRIAE SR AR B B (MM-CPHD) ' | 22 4 51 Z2 {f 5%

http: // zkxb. xjtu. edu. cn

FI(MMEMB) ' ZERIBR % 241 85 F (MMELMB)
ZRIRL T bR 2 A %% Al (MM-GLMB)!'" ! |
SR o 1S SRR B S N ATk G 1 B T R B O Bk
AR G SRS B G L BT DL B R R R
BRI AL 19 J7 O o SRR AT R . 5 2R
(MM Bk AR, 28 B 2858 R8 50k (IMMD 2k H 4% 4
WA 20 32 A3 FE SR, ] LUAT S ot 2 4 20 S B, 3¢
BRL19 1K IMM 58 3k 2 H 21 T S FR 28 217 %% F
(GLMB)UE s rf , 32 th 28 B 2 88 ) UhR % 2141
B H (IMM-GLMB) U8 3% #i » 75 R E b B R0 55 5
JE O T AR T T 43 3 85 KSR B 9 MM-GLMB
Rk

16 H AR BRI 1 7 b, H AR B9 W03 S 46 4% 1 38
YE R S B B AT 200, A6 SE bR g 3o A8 v, fig
FIR S B A AR I . O T iR BRER 38 IE 5
AT, SCHR[20-21 T3 3 4 FH 3% 20 JL it ) 5 00 44) 8
A HARE L SCER[ 22 ]88 T BE A B 5 RN A 2 )
T3 A G Tk 0 A BT A R R S AN s
XSRS L B e D R B AL AT LA A D

ST BREF DBZ i T AL 2 B bR A SCHE
I SCHR L6 ] e i ez 00 ABE A6 8 U 25 5 TMML B 3%, 42
HIFA MDV {5 B ) IMM-GLMB & 3% 2%, 41 Lt T
PHD HA7 B4R RE B, I HL AT DL 2 (i 370 1) s 25
TR . IRJE BRI R b 1, R 22 3 A R U rh
Be o i) 2B A5 L R — S ] T GLMB UR i 2% 1Y
F 3 A R G Bk . S T IE BB A A
H T GLMB #l PHD ()1 40P 68 b 55 L 78 AN [a) AR
SRR T GBI, LA R A
[f] DBZ 5& B~ GLMB #B8 B A T 47 iy M s 3R 8L, O
AT DA A B5F [) P 58 AL 30 2 B 5 ) B >R L IMIME
BYELEB AT ] F e MM B T 34 % A,

1 JEA MDV {5 5 A6 0 48 A< A6 A2

&E k H#ZIJ Ejﬁ‘@ﬁ]%?&?‘j X, = [Ik 9-i'k s Vi s
ykjls/ﬂéq:'(l”k vy/)%‘:{%{ﬁﬁé}’%s(lg »yk)%ﬁ?iifﬁ




176 W % oz M

PN

857 %

Gyt MR A B RS xi =[x xi iyt ]
K IMME A po.e CoO Vg HFRAR S eR 8, 52 2% 3 11T H pR
Bon, AR, XM o, W5 A SCERC1T 9 E S, 3R0R
h A TS B F AR 22 38 3 RH X T B 3T 2 e 22 3 8 3
2

ne = n.(x,) =r, —r.; =
i‘k(l'k—l‘Z)Jrj/k(yle_yZ) 2
(xp, —x)* + (v — 32)?
Ao, Fom 235 =
re = ha(xp,x,) =
(xp —x) (e —x) + G — 3D (e — 1)
(xp — 2%+ (yp — vy
(2)
Fer BN B AR 2 1)
o Tm—aD B =D ()

(2, — 2"+ (yp — y3)?

M1 A 3 A P O A 2% 90 [R] I 2 0k
I 2235 A A 0z 2y H AR B ARG DU ARE 32 7 2R e, 4 H
bRt A Z 8 E X B n,<Zoupy » 1& BARME LLRAR
% H AR B R B po, (O BT 05 2.4 H
ﬁ@%‘%%%%ﬂzaqﬂ Eﬂ nc>>7}w>v’lﬂﬁﬁﬂ£ PD.k(I)/ﬁ\
BT HAE po. KA DR 2385 8 5 X 98 5 1 ik
A dppgz = {x ‘ n.(xp) <<owpy } s IEJHGL?FETEXTQJE[@?/E}EH
R AE R pox () N

pos(x) &~ pp[1 —exp(— (n.(x) /vppy ) log2) ]
4)

H TG T ARE 3 S 48 BOE 2 o5 2 500 e 6 il i i
&R AEHEAT IS SE 00 98 1T AR 4l SOk [ 12 DK A6 Tl A8
A
P () = p[1— e NCiGee ) s Hi (e o) xR

3

A po s 24 H AR 9 235 8 R 5 25 ) E X
A PR A DU ABE 22 5 Ry = vy / (21n2) R Ph it I 7 22 3
BT 22 5 0= ooy V/7/In2 R R I — AL I 75 £
i{)nljlzlﬁ yr(JACk\,ﬁ])ﬂ‘j

i) = 20D F Hi (X | o)X

(6)
Py ek 46 1 Sy

Hi (x| ) = [hyshyshyhy " (D
Ry =— (i1 — 1 (x| o1 ) cosa,) /7,
hy =— cosa,
hy =— (j/k\kfl —ﬁ(.(j)k\kfl)sin&k)/;’,\,
h, =— sina; (8)
re 2/ (g — 2D e — )’
ap 2 atan2[ (y e — i) s (xp iy — i) ]

http: // zkxb. xjtu. edu. cn

2  IMM-GLMB-MDV J& i #&

WAE R—1 B2 N A HAr, W2  HiRRE N
X={x1» 22 s an ) HP 2= sps b loxpnl
Gy B bR 1932 SR A L is S R AR SRS
TE ST SRR SR A Y kAR A B M SR [

2 ) 2 L) x| )

M = X(/l{ ‘,U]) X(/“f ‘,uj) X(/li ‘ #R)
x e | ) x| ) x G | i)

€))

ey G | ) FORIBANBERI 0 BRAEH] p HOMERR
HArizsh 3 k 020 RS H o BEFE 3] 2 0 5
IRFF IR A5 78 % B R R
ol | aaps D) = o [ aop oDy [0
(10)
2.1
IMM 53 38 2ok A58 R 2% 1 E 38 % J iz sl IR 28
AT G X B 45 4 SRR R A )5 1) IMM-
GLMB ) £ H #5560 %
m, (X)) =
AXO D w0 (LX) ¢l p ]™
(1D
Ao B4R (O FRARAT M GLMB 434, o Hi il
EYE
w” (L) = (LN L)w, (L B)
HBHRR A EE N
JAS TN
I (DpsCx s D+ T (Dpo,(xwpe oD
(13)
K (LOL)RRAWERSE LOL A 50, (L
NBYFRFEFRZE LNB W E; pOsCe D
Py Co s DAY MIFIRAETE B bR B RUBHAE B AR
XL E FR SR Ly ps Fom N —BF 2] HbR 097706
R 1L (D T (D5 53R LB BYF6 7 pR%L
FEUE B AR AUEAE B AR B H bR 40 N

©
J§7 D

#2 D7 0l (e appal)
i=1

Q) <

12

P (x sy D) =

N(x+;m§‘_)((p+y,u’l),Pé‘.i-(/z“u,l)) (14)
1
p+,y(x+9/l+7l) = ¢(#7);w;L)(ﬂ7’#) .
NCxismy? (s p) o P Cuey o)) (15)




509

T RN £ B bR R 177

A o) = De(wyGe | FH— 1S5,

() RNy o I AR IME R % 1 A 3o i e P
IS HOh T g .

1705 B by 1000 5% BE i AR R
ws (psps 1D =[98 ] EQLU — 87 ] s (s D
(16)
(D = pe an
A7 18 H AR AESEAT B[] 35000 iy 75 ZEAR B8 IMM. 559 iF
TTRERE
o 1 .
mi” (u,l) = m/zlr(,u)x(;q | om Gy

(18)
— # (c.0)
= sow);){(’"“ | D[P (s D) +

(m (D) —m (D)) (' Gusl) —m® (sl
(19)

P (pn)

s AR o Fm B 7 0 1R 2

it IR 2538 5 05 B B E m& (s O FUER T 22
(s O FEAT IS )0, 3k s 0an

m& (pysps ) = FQum” (uyl) (20)

PO (pyospsl) = Flpu P (u DFT () + Q)

Q2D

AemS (ueaps ) FPE, Qs D 93 50 RIS A
gy R B AP T 2%

A H bR 0 S A AL TR N
o (L) = [[a—eH]] 2 “)f,’) (22)
'€B leL

o I oY T ANAD S T NG L P R X =P S W
T84 B AR AT oA RO R, 7 DS 75 A
RNR A IR0 H TR B AR S8 E by 22

my” (pysp) = FQumy” (p) (23)
PP (pysp) = Flpu PP (W F" (u) +0(u)
(24)

R AR B8 m () P (o) e TSRS
2.3 i EE AL R AR SR A
2.2 ENEH
Bk B2 AL Z = { a2z )z
=[yesyalsye R EEMAG L, yo Xn 2L &
RPN A A SR A EY k)
oX|72) =

ACX) D0 D0y (LX) [Er(#)ﬁ R Rk

ceC 9o

Z1 9% 9"

(25)
AP FERBLRY o T BB H AR T 50 A R % B
Pl (xapal| 2) =

http: // zkxb. xjtu. edu. cn

7w
EXOA)) E [0 (s DNz sm) (s
P (D) 4ol (e DN Csm (us D)
P (DY ]+ (1 —8C0CD))

]2@[(;5:;; (20 DN Csm (220 )
P
PG D)+ ol (R DN Gsm (210
w0 PO (Y D) ] (26)
B AL E
wy " (L) =
St 12 (s ” 1'w (L)

DI D8 w2 (DI P (D

ce€C 00 J=L

27
HHARIE— R 5
7w

70D = 8,0 D5 [w (s + o (D] +
=1

)

(1—6,0(0)) D) LG D) + w0l (D]
i=1

(28)
K 0D RRAREE R L BT SR B S, > (D =
0 B, 16 B S 00 55 0 0 B AT O B I B A S O A
OCH=>O0mF , Ui WAL 5 8 45 B AT T 58756, (0(D)
TR LTE S N TEHIE R
KCECOF {mS (D P D i (D ) Fomw B E R
B (m (D P D ol (D ) F R Dy 4 &
{m (20,0, P YD ol (220D ) /R LB
WMo, (m (20,0 PO (0D sl (X0, D) o
Wk sy, Y HAREAZEEHE XE,
Sy 2 ORI ABLEE L 1T A3k 6 6 R ) 5 4 BY
s 0 1 DI s s A A1 L 5 R AR T A o A AR
FAE S R, 507 B DAL AR I 3R B bR A A

FIAUTE B L 25 H AR kA 2% 8 X5 0 A
RAE B 2 EEZ 2/

WHEREI (mS (D P (D0l (D) IS HL
TR ARXA

m{G” (uyl) = m© (uy DD (29)

P57 (pal) = P (us D) (30)

0" () = (1 — ppat” (psl) (31)

P (mi} (D PG (D i (DY IS EH TR A
CEl

mi” () = m (ual) + K[y (m (pu, ) —
Hi(m{ (s DOm” (s )] (32)
Pi” (s ) = PO (D) — K (Sip [Ki " (33)




178 [ S S R N SR %57 %
Horp il 25 K i F 044 S.o = Hy(m{" (2" s ,D)HP© r)(ym) AR

K.; =P (u.DH; (m{® (u, i7"
A O E I B T 2258
S = H,(m (usDIP Qo DH; (m (e, )"
(35)
PR A B H (m© (e D) 38338 m© s D
AL (DHRF], Phitill 73 5 B AL E Ny
w7 (s l) = [)Dc;qf‘f)wf‘) (s
Hor o SRR g7
qii”
Ny (mi© (D) s Hy(m” (uaDdmi© (s l) 4S50)
(37
Ar A W {ml) (20,0 Py (XDl (X7, D))
SR8 1 A $R A I RN 22 A e 0 A B 1 S A
FHA B 8 AR ye X S8 T TR
m” (Y2 D =

(S, " (3

(36

m (D) + K, [y —Hm (u, D] (38
P (s ps ) = P () — K, Sy, K,
(39
4 (VO ) = NGE s Hom (D) 8,0)
(40)
Y s D = pogic” (VI s D (s D
“41)

AP He s AR AR 4, Ao 00 0% 3 45 F05BT
B W7 2253 5
K, = P (u,DH, (m® (0, D)D" (S,,) " (42)

S, = HP (u,)Hrc+ R, (") (43)
RIF A ZE W5 S ya JE— 2D R
miG” 1, D) =m0 D)+

K. [ V57 —heGmi” (Y2 D2 )] (44)
P (10 ) =

P (3 D) — Ko g8 [Kig 1Y (45)
qii” LD =

N sha (mi” (" s D sz 2 8i0) - (46)

78 4y 5 AL E

WG (0 D =

S Dl (Y, D (YD) (4T

IC(Z“)) — K.‘(y(l) )K(yt?(l)) (48)
A e () e Cod ™) 53 i 37 g B B oy e M 22 38

o3 AR IR
223 I 3 £ AP T 25

K, = P( o(yﬂm ’#’Z)Hd(mgt‘-r)(yf([) ’#’[))T .

http: // zkxb. xjtu. edu. cn

Hd(m(L i (yg([) /lal)) +6(l (50)
R Fl oy 4350 0 A DU 0 2238 ) o 00 e 7
e 2, 2238 1k W F R e LU R P R

H,(m) = [hy shyshysh, ] GD

hy =[G —x0) —
ha(m” (Y py 1) s ) cosay 1/ 1y

hy, = cosak

hy = [(y/‘\/r *yi) -

ha(m{” (Y7, 1) s e D sina, ]/ 7,
h, = sina;
;'4,: (Ik\/*II)Z—i—(&;\k*yZ)

&k = atanz[(&ku—l 7y;)9(‘%k\lzfl — )]
(52)
Z W g (m” I g D) 3 R

mi” Cyl s D) A A (2) 75 B, Ky 5k R
{m“’ XD PRI D el RIS DTS EHR T
w153
m” (210 opsl) =

m{7 2w, D)+ KoLy (misy” (20w, D) —

Hf(m“ r) 5(1),#’1))m§fd')(zf([) 9[171)] (53)
Pl(jf’) (ng 9#31) = Pl(.(('l” (Zg(n ,/19Z) _K,,[Sz.f Kzlf
(54)

@57 (Y ) = NCyi(mi” (X7 D)
Hf(m(‘ I DOYm” (XY D LS )
(55)
s ) =— il (XY D7 (20w, D
(56)

Cesr) o
w; "7 (e

b 8 i 0 A 3G 25 R T 22 R
K. = PG s, DH; (mi (20 D) (S0 7!
(57)
S.i = H(mQ (2 sy, DIPE (XY D) o
H (m! (20 D)7 (58)
s BN AR B H (m (217 g, 1) 3 33 K
mi (R0 DAIRA (D35,
RE@OHHFEF D EIIE o (-
i

D H TR

W (o) = w0 (oD /55 (D (59
P AT 4 i A TR 50 i T B AT AR ALK S A A g
AT HARRAS S, MR IMM 53 0] 25 B R
R SY

me (e ) = D r(wm” (o 1) (60)




%59 4 ok, 55 2 I

T RN £ B bR R 179

PGl = D eGP (o) + (ml” (o0 1) —
(oD (e (ool —m® )] (6D
mew:Eﬂmwﬂom (62)
155 78 ARE 46 T i %IEETJCQ%H
Jq, Zhwntn@>, (1) = 0
t(p) =

{j{]x<# PREORE o) = 0

(63)
e BH—BH, c = D,

2.3 HiE MR

Wk B2 BFRAG RS b X = {myomp -
mi b si=1,2,, 1,5 W B Z 0 EEN Z,=1{Y,,
Dyt Hrb Y = {yi.yisoyi ) M Dy ={d}dis -
diysj=1s2y, J o3 B FRR AL 5 I AR & M 2 3%

LA .
R > w1 B 20 0 7 B = AR S oy = Ll
Vi s FFH B %Eﬁﬂ%%%’ﬂﬁ%ﬁi@ 17 i 3
i e RE DU 40T
R RE A5 LI 1 L0
Y =Y | ;?M | < o, (64)
EA R IEEPSNiB ST )
(o — 2 ek — oD + G = 9D G =D
(xf — )" + (v — v
(65)
K.zl = | Zhy — Xl | /At yi = | Vi —

Voo I/ B o S 45 00 K IZ B
Gu 2B M B 22

22 R R FEVHSE B B T 2
e BT LRSS A B P AT RCR . BB
%%ﬁﬁm%ﬂ%ﬁ%P”%%%

P =[x 2t sy sy ] (66)
ok 0 Xy k 0
Py — ZO o .k G?{.k 0%y 67)
OXY.k 0 oV
0 okva 0 oY
Fob  BIE AL E 5 N [ 3 J= i = Latus v Js
X I )7 By T 25

2 2 2
& = {iX% Giyw}:= {GC O} (68)
2 2 2
OXY.k Oy.k 0 [

R A3 bk (el i 1 6 IO B8 BT 22 h

R, = r“ mﬂ (69)

2 2
oxy.k OV

http: // zkxb. xjtu. edu. cn

E 1 22 3 8y 1 0 5 7 A

[
(e — 2D — 2D+ e =D e =y
(xp — 2" + (e — )7
70)
HEWEE K (T 3 K
har = H,(xp — Xx3) 4 1. (7D
Hrp
= [cosf sind]=
(xp — x3) e — )
{ (2p — )"+ (v — yi)? (xk—x?;)Z‘F(yk—yZ)Z}
(72)
P g KR8 28 B W R P g ~ N (ng.5 0,
03) .
PIE I R A [ oy T RN

(2 y?]" = P.H! (HPH! + ) 'd} +
[zisyi] = Blcost ,sin® Jd; + [x3.yi] (73)
R Ay O 22
R, =P, —PH(HPH +o) 'HP =
(1 —p) cos’(8)  — Bcosh” sind"”
{ — Beosf? sind” (1 — B) sin® (0 J
(74)

7

a+a
3 PiEIuE

3.1 (FESHERE

AN EE 24k 5, 40 0l i IMM-PHD-
MDV-ATI fil IMM-GLMB-MDV-ATI W ) 3§ ik %%
TE B /N AT RGN B onpy A 3 R0 5 B A BR R MR L 5
JEAS B EAE0,0) m, E RSB E YN 1 s,
W75 R —1 000, 1000] m>X[—1000, 1000] m,

B B AR ES AT LUTE 3 FhAS W] (14 12 S A 70 v B AL
AR B B R R — (p=1) 25 iz gl B A
(w=0) BRI = (u=2) R LR 2°/s 1 DI %
TR (w=27/180) , LBl = (p=3) 5% 15 B % Ny
—2°/s RIS AR (w= —2r/1). 3 FpA A XF
N AR A 5 B A B R

A p=

F() = F(w) =

B sin(Tw) 0 — cos(Tw) — 17
w w

0 cos(Tw) 0 — sin(Tw)

0 cos(Tw) — 1 1 sin(Tw)
w w

LO sin(Tw) 0 cos(Tw)




180 W% % W Kk ¥ ¥ 957 %
W 75 Py 25 A B Ry Fibs 3 2 73~77 s,

T /4 T'/2 0 0 Bl 2. & 3 45 1Y vupy =3 m/s WY FIK B AT

0w = ot T/2 T 0 0 SERL L WR T A BRI A Y B ST R L

' 0 T/4 T°/2 AR TE B 28 8E KGR RA kKA

0 0 T* T’ 4L, [FBF GLMB Mt T PHD BREESREZ 8 H

K. T=1s; IBBEFIRMEE 6,=10 m/s,
ARICEE T 3 AHLsh B R, B B bR A7 0
BH p=0.99 KM AH pp=0. 98, HIr Y51
HEEARIEE 6, =17 m/s, {7 B & I M2 75 bR 1fEE 22 0. =
10 m/'s, 223 4 9 LI 68 75 B o 2 6, = 0. 5 m/s, B
A TR0 2 0 A BRI Sy 25 (A F o0 A s A
F U A5 AT A I Y P 8 A A AR B AR
BAMER Ry oo =[1/3 1/3 1/3] e &H H0.001,
34 B AR I B ARZS Bz sh g Bl n & 1 Bk .
ERNISEIR CRIN S

x, = [—400 7 380 —7]
x, = [400 —6 410 —10]
x; = [—700 3 400 —14]
A1 BARMHEHKRE
Table 1 Target motion state
Hir  #HRSE iz Bl i i
' 1~255.61~90 s 54 iE 5,
o 26~60 s £ 4%
) 1~20s.61~100 s 2] iz s,
“ 21~40 s 75, 41~60 s £l
; 1~215.56~95 s 5] #iZ 5,
13 21~55 s ki
3.2 XWm=—

123 5 — v, P [ S 3 ke B o & RN A

T8 LR 4 (ATD 335 1) GLMB #1 PHD 4 F %
BeARHIPERE . 3 A H AR AT AL 4R 0 B 40 ) i
x! = [—400 0 380 0]

xy = [—400 0 410 0]
x$=[—700 0 400 0]

F ARz Sl 2 8] Y] 48 (4 1 7K R R A0 P 3 A

0.8 0.1 0.1
M= 0.1 0.8 0.1
0.1 0.1 0.8

Bl 1 %R B bs 048 1 5 A8 16 B,
| (xsx) | << oy FRZBREAZEHE X
WAE vypy = 3m/s B, HERAARMEEAE—3~3 m/s
ZIe, FRiZEnEZEHEX T, Bis 1 6 T2
W E XA B E] Sl 45~51 s, HFR 3 & 36~55 s,

http: // zkxb. xjtu. edu. cn

DX AT LR B 2 1 H AR S (R B R Y 28
BE X8 B3/ GLMB $EAR A 2552 550

1= 4
~ 10f & -
O W L B
£ ofosms V=S m o5
o 5 /
- ] S A
£ _jf= = /./
@ _
15070 20 30 40 50 60 70 80 90 100
I 1) /s
B 1 HbRAg 238585 40 0 09 DBZ KA ] 28 4 06 3=

Fig. 1 Time varying relationship between target Doppler

and corresponding DBZ

500
MER TR I L 73 Hiz2
0N
3 '
100F \\\{ f
N *fLIR s |
i ~100F \“‘*«75 ,f‘l
-300 J  /
-500F yd
/
=700 =500 -300 -100 100 300 500
x/m
B 2 IMM-PHD-MDV [ 5 45 5

Fig. 2 IMM-PHD-MDYV tracking results

-300

=500

1 1 L |

300

100

=700 =500 -300 =100 500
x/m
K 3 IMM-GLMB-MDV [l &5 45 5

Fig. 3 IMM-GLMB-MDYV tracking results

B 4~ 7 450 T 25 100 RS2 R % 7 B 58
BIE LR e L . 2 vy =3 m/s L 7E
0~5 shf ] Py B b Bl 22 1 B, B T 0 o A2 4 530 0k G
SRR B OSPA 2 22 AR AR H 2375 T DLAE




509

R 0 3 B iR O HL3h 5 BB B O o 181

3s PRSI, HFREGE AL THIGE E T IFAE 6 s B
FEAT BB . 8~35 s AITER BRI 3 A H bR 58 U 728
ORI H A 9 2 8 E X, X B [E] OSPA
RN HARECR AR T 5 S0 AH TR L R Rk
A LVASOEAT . TE 36~55 s i, HFRIT 1A 3wk £
e 350 T X 1 17 0 . OSPA FF i DA A e 11 8 i 30
FEIFAE 49 s ZEA BRI , H AR B0 A 1t Bl 2
Ao T IE BRR 1R B AR 2 94T 28 E XY
o B B G B0 A IR B A O R R B H

100
90 -*=' IMM-PHD-MDV
20 —*—IMM-PHD-MD V-ATI

-+ IMM-GLMB-MDV
—*—IMM-GLMB-MDV-ATI

OSPA % % /m
P e}
o O

i

0 10 20 30 40 50 60 70 80 90 100
i) /s

Eq 4 UMDV =3 m/S Hﬂ”ﬁlﬁl%{f FI(J OPSA l;’i%
Fig. 4 OPSA error of different algorithms when vypy =3 m/s

351
30f
25F
\
g 207
ﬁ L5 - +- IMM-PHD-MD
=3 3 P kgl —+— IMM-PHD-MDVAATI
] 304 - 4= IMM-GLMB-MDV
05 ; 5ol —+— IMM-GLMB-MDV-ATI
15 20 25 30 35— PIARECRIS
0 10 20 30 40 50 60 70 80 90 100

i) /s
Bl 5 uvpy =3 m/s BN TR B3 19 B AR S A6 3

Fig. 5 Estimation of the number of targets under different

algorithms wypy =3 m/s

100
i - o= IMM-PHD-MDV
90 —+— IMM-PHD-MDV-ATI
80 - 4= IMM-GLMB-MDV
70 -+~ IMM-GLMB-MDV-ATI
£
4 60
"5 50
& 4or
304
20
107a%:

0 10 20 30 40 50 60 70 80 90 100
1) /s

¥ 6  vwpy =5 m/s BFAR[R S A OPSA iR 22
Fig. 6 OPSA error of different algorithms when wypy =5 m/s

http: // zkxb. xjtu. edu. cn

- <~ IMM-GLMB-MDY

——IMM-GLMB-MDV-ATI

—— HARM

0 10 20 30 40 50 60 70 80 90 100
i) /s

E 7 ompv =05 m/S Hﬂ”ﬁlﬁlﬁ{f FI(J E ﬁ?ﬁi’flﬁﬁ“
Fig. 7 Estimation of the number of targets under different

algorithms when vypy =5 m/s

bro 7651 s M55 s WA HirGEF B 2 EHE X,
PR B 4 EERT B i DA R T IR TR B IR . 7
73~77 s, BAR 3 &t 2 E X, i T R
XoF BB 5 ek P R e A B

MS2 8 7] DL A . GLMB % K ¥ 2 i T
PHD FRER 2% . 75 200 28 ) 5 DX e R A0 72 B2 1)
BZ/NF PHD, fEAUEZS K 3 s ) GLMB
OSPA £ fig i B 9% 35, 14 PHD JE 9% #% 78 H b i
DU 2 J 45 57 B 25 26 3k BER 1] A9 A 30, i GLMB 1l
23R B — B[], 28 17 S BO7E M3 45 R OSPA 3%
ZEARK 5 T S R U 5 0 AH B N B EE N
FU 300 AL 4R B VA 1 GLMIB U8 U #5% v AR Pt Tha e
I HL AP R AR 5 P AR U8 I 2% 5 [ A 0 S 4 15 0
Fo#5 E RE FEAR — B,
3.3 LWHEZ

T2 R UE I b s, MRV IG RS A R R AR
TS E SR TS RIR AR B B AR R SR {5 B L8
WICIESE AT N . ok B A I T I AR IR D AR AE 3
FPAS LIRS e B A B P BE L4 7 onpv = 3 m/s
MIRTER T . RS E S Y5 — AL 217 T 100 1K
FRERP R,

3 PR TR A B JR B R AR B 4 T

[0.50 0.25 0.257
M, = |0.25 0.50 0.25
10.25 0.25 0.50]
[0.60 0.20 0.20]
M, = |0.20 0.60 0.20
10.20 0.20 0.60]
[0.80 0.10 0.107
M, = |0.10 0.80 0.10
10.10 0.10 0.80]




182 LEESESE B 57 %
TR PRSI R X MA ERonRE BT MM A N MM e 347 70 SCR00 i e b 2

RFHALTR W TEAE R 2], H ARSI TE Y
B 128 SR E i ME S 2 LE s Sl R e A 78 Al B AR
Ko K8 IE T 3 A AFPRSHBH T B OSPA
BRZE AT LA Y, PR3t JH A () B8R 25 2 A% I 0 )
i P P RE 2 BR R AR — 20, U B A SCE I A X A AU AR
A e AL LI 11 728 A LA i 1 5 A 1

i 8 AT LA S BE . fE AR A5 e BB By ML 1
e g OV RE 2 B B B, SR AT AR L 25 A 19 B0 1) 8 BiE
SETT AT L2200 AN, ik W A SCOE B A 0 TR RDIR 25
HRREENSEEA LA R ELE.

100
90 -3
80|
70

g

3 60

x s

B 50

<

& 40 "

= W2

1 1 1 1 L L L L 1 1
0 10 20 30 40 50 60 70 80 90 100
1) /s

8 AEPREF BT OSPA =%

Fig. 8 OSPA errors under different state transition

matrices
) .M,
4.0 ) M
3.5F o
30 l|+/1¢’1. FLSLE
3. rf -t .
[3‘2,5*
Bt
220 o
s %0
1.0 28
'&*‘
0.5 26 35
1 1 1 1 1 1 ]

0 10 20 30 40 50 60 70 80 90 100
I ) /s

B9 AEAREFER I BET 1Y H AR SR i1
Fig. 9 Target quantity estimation under different

state transition matrices

3.4 ZWFE=

L Y 5 LR T B T 43 S B AS SR W 11 22 A
RIBL 55T XA R 58 B 2 BRI R L e i
TR E R AR ZE 2R, XA vy =3
m/s WA T KRS B 585 P ME, #1751
100 7R B 5 S5

AL 10 0T LA H L, IMM 43 1 BR B3RS 1 B mg

http: // zkxb. xjtu. edu. cn

P2 —or A %5 B IMM R 2 34 IF R g 2
TR FOREA ARG R, @y E SR T
MM-PHD-ATI, IMM-PHD-ATT, MM-GLMB-ATT ,
IMM-GLMB-ATI ¥R &% 19 50245328 47 i (8], 43 51 K
0.048,0. 031.,6. 594.4. 417 s, a] LAF H. 1
IMM [ BR B 53k LA MIML (19 3809 7 3 33 i ) I
Tt 340 A7 FHoh MM-GLMB-ATT 52 3 #E i)
B fe 1, 1 IMM-PHD-ATI 832 4 #E R ) fe 2, R
& PHD 535 08 17 805 0 i, {0 7 B R 6 B 7 1
ARNE IR AE 23 1) 5 DX 3 A 58 4 2k
FXT HAR IR EE S B . BT PHD 4 5 (4 BR il . MM-
PHD-ATT 5 Jo ik i 11 AR 25 45 5., 7 AE 4 Ak At

2N

H S o

1007
0 -~ MM-PHD-ATI
: —+—MM-PHD-ATI

80} MM-GLMB-ATI
_ 70 ‘Jv,‘ ——IMM-GLMB-ATI
4 60 ; ¢
E{; 50 !
o 1
& 4ol

30
20
10

0 10 20 30 40 50 60 70 80 90 100
IR 1) /s

Bl 10 AR OSPA #4222
Fig. 10 OSPA error of different algorithms

ERR e ]
- - MM-PHD-ATI
g —=—IMM-PHD-ATI%g
MM-GLMB-ATI
—*—IMM-GLMB-ATI

Hir%E
o
o

1 1 1 1 I

1 1 1 1 L
0 10 20 30 40 50 60 70 80 90 100
I (1) /s

BRIl ANESEE Y B R Bc fh T
Fig. 11 Estimation of the number of targets under differ-

ent algorithms

i b e 2 B IR R 5T B B RO T LU
R 25 8 E X, U R 2 E X
BRI S 368 10 52 0 T DL Z20m S o Fe
SE L8 A By £ RSP 1 AT 3 A e R A R 1S
B UE BT BT 4R R B0 O VR O B I ) IE A




509

[, 55 2 W H IS T ALl 2 H AR ER R 1k 183

4 4B

15 22 % iy i 3k 0y N T 37 5 T ARl f /s AT 4G
HE ML B 2 RBIAE 821 T IMM-GLMB-MDV
IR A% T 45 D TE AR 0 HE 3 g &L I IMM-PHD-
MDV HAFE 4y MEfe R . & /] I 2
JEE X A DN AR R AR — R R T 2 E X
4 52 M o I 38 5k B Y A S0 3 N RS b Bk L A DR
WA AT B H AR 4G AL B 45 R WoR Bk
AT DAAE B 0 B B) 9 58 LA RS 1R . TR IR E £
WE X T ALEh 2 B AR IR R ST R A — & 1y L
T I 1E

S 2K

[1] MERTENS M, KIRUBARAJAN T, KOCH W. Doppler
blind zone analysis for ground target tracking with bi-
static airborne GMTI radar[ C]//2012 15th Interna-
tional Conference on Information Fusion. Piscataway,
NJ. USA: IEEE, 2012. 2331-2338.

[2] KOCH W. On exploiting negative’ sensor evidence
for target tracking and sensor data fusion [J]. Infor-
mation Fusion, 2007, 8(1). 28-39.

[3] GORDON N, RISTIC B. Tracking airborne targets
occasionally hidden in the blind Doppler [J]. Digital
Signal Processing. 2002, 12(2/3): 383-393.

[4] DU Shichuan, SHI Zhiguo, ZANG Wei, et al. Using
interacting multiple model particle filter to track air-
borne targets hidden in blind Doppler [J]. Journal of
Zhejiang University-Science: A, 2007, 8(8). 1277-
1282.

[5] ZHANG Shuo. BAR-SHALOM Y. Tracking move-
stop-move targets with state-dependent mode transi-
tion probabilities [J]. IEEE Transactions on Aero-
space and Electronic Systems, 2011, 47 (3). 2037-
2054.

[6] KOCH W, KLEMM R. Ground target tracking with
STAP radar [J]. IEE Proceedings: Radar, Sonar and
Navigation, 2001, 148(3) . 173-185.

[7] KOCH W. GMTI-tracking and information fusion for
ground surveillance [ C]//Proceedings of SPIE: The
International Society for Optical Engineering. Belling-
ham, WA, USA: SPIE, 2001: 381-392.

[8] LIN L, BAR-SHALOM Y, KIRUBARAJAN T. New
assignment-based data association for tracking move-
stop-move targets [ J]. IEEE Transactions on Aero-
space and Electronic Systems, 2004, 40(2) . 714-725.

[9]1 ZHANG Shuo, BAR-SHALOM Y. Track segment

http: // zkxb. xjtu. edu. cn

association for GMTI Tracks of evasive move-stop-
move maneuvering targets [J]. IEEE Transactions on
Aerospace and Electronic Systems, 2011, 47 (3):
1899-1914.

[10] KOHLLEPPEL R. Ground moving target tracking of
PAMIR detections with a Gaussian mixture-PHD filter
[C1//2011
(IRS). Piscataway, NJ, USA: IEEE, 2011: 193-198.

[11] ULMKE M, ERDINC O, WILLETT P. GMTI track-

12th International Radar Symposium

ing via the Gaussian mixture cardinalized probability
hypothesis density filter [J]. IEEE Transactions on
Aerospace and Electronic Systems. 2010, 46 (4):
1821-1833.

[12] XIE Xin, SUN Hemin, WU Weihua, et al. MM-GM-
PHD filter-based maneuvering target tracking in the
presence of Doppler blind zone [C]//2019 IEEE 3rd
Information Technology, Networking, Electronic and
Automation Control Conference (ITNEC). Piscat-
away, NJ, USA. IEEE, 2019.: 1352-1357.

[13] e, #hstiE. T HLZ) E xR R 0 2 450 AR A ik

W ug ey [J]. V9223808 R4 4R . 2011, 45(12)
1-5.
WANG Xiao, HAN Chongzhao. A probability hy-
pothesis density filter with multiple models for maneu-
vering target tracking [J]. Journal of Xi’an Jiaotong
University. 2011, 45(12) . 1-5.

[14] GEORGESCU R, WILLETT P. The multiple model
CPHD tracker [JJ]. IEEE Transactions on Signal
Processing, 2012, 60(4) . 1741-1751.

[15] YANG Jinlong, JI Hongbing, GE Hongwei. Multi-
model particle cardinality-balanced multi-target multi-
Bernoulli algorithm for multiple manoeuvring target
tracking [J7. TET Radar. Sonar & Navigation, 2013,
7(2): 101-112.

[16] BB, s, 220, 4. ZHAGRZE 2 M AN

HAriREE S [J] RE LRSS B FHA, 2015, 37
(12) . 2683-2688.
QIU Hao, HUANG Gaoming, ZUO Wei, et al. Mul-
tiple model labeled multi-Bernoulli filter for maneuve-
ring target tracking [J]. Systems Engineering and
Electronics, 2015, 37(12): 2683-2688.

[17] PUNCHIHEWA Y, VOB N, VO B T. A generalized
labeled multi-Bernoulli filter for maneuvering targets
[C]//2016 19th International Conference on Informa-
tion Fusion (FUSION). Piscataway, NJ, USA.
IEEE, 2016: 980-986.

[18] WANG Huibo, ZHAO Tongzhou, WU Weihua, et al.

The multi-target tracking algorithm based on the MM-




184 [ T I N 4 o557 4
GLMB filter with Doppler information [C]//2021 4th (217 2335, BRRMh, A1 8L AE N HAsfd & 7 AR
International Conference on Robotics, Control and SNSRIV ST [T, P TR K223,
Automation Engineering (RCAE). Piscataway, NJ, 2019, 46(2) . 12-16.

USA: IEEE, 2021 326-332. LI Cuiyun, CHEN Dongwei, SHI Renzheng. Adaptive
[19] 2EMp, RIS, &R, SHEE T RS L[ 5% F & target birth d-generalized labeled multi-Bernoulli filte-
e U] RETRS®HEFHA, 2022, 44(12): 3603- ring algorithm [J]. Journal of Xidian University,
3613. 2019, 46(2) . 12-16.
XIN Huaisheng, SONG Penghan, CAO Chen. Multi- [22] ZHU Youqing, ZHOU Shilin, ZOU Huanxin, et al.
ple model based generalized labeled multi-Bernoulli fil- Probability hypothesis density filter with adaptive esti-
ter [J]. Systems Engineering and Electronics, 2022, mation of target birth intensity [J]. IET Radar, Sonar
44(12): 3603-3613. &. Navigation, 2016, 10(5): 901-911.
[20] BEARD M, VO B T, VO B N. Bayesian multi-target [23] YOON ] H, KIMD Y, BAE S H, et al. Joint initial-

tracking with merged measurements using labelled ran-
dom finite sets [J].
Processing, 2015, 63(6): 1433-1447.

IEEE Transactions on Signal

http: // zkxb. xjtu. edu. cn

ization and tracking of multiple moving objects using
Doppler information [J]. IEEE Transactions on Signal
Processing, 2011, 59(7) . 3447-3452.

(%R AR




