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TG, RIEEAS B FRAEREANN 2 AT U R 2 AN 7y P i
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ET)B4. 5AUETHE FRE 1 2 B R IR EEA R,
¥ & HFr R EF (Extended Target Tracking,
ETT)HHZA&WE = E 5 AAES, R
THHIRIZSITEARIE B, DI AE 52 bR Hh ok
S R

FAT, X9 AAn RS @R A AL
FTERIAHITE . KochPIFE 20084 57 i R AL R AR
A (Random Matrix Model, RMM), ¥ HARJEZ
FEROAIRIA, AR IE E R BEALRE B R R AE . 2R
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1M, RMMAEMRERIEFE P 208 T AL KA, e /K
AR KR, SPHRIEASTIERER IR . Feldmann
2t N\ FILans NI RMM 77 i 30T ik, 2% pE g
FARCMAAEIE T SR R . SR, T IELEAL T
AR EE M I, VAR RS AT, S
BR8] 5| NBENLEERE By, F Ttk H A5 W AR AR
ST E S RARSTER /D TR & T7 1) ERImAE .
SCHR[9-11] 38t —Phafe o % Z2 BB A (Multiplicative
Error Model, MEM), ZBADRE T A A0 5 5
) A A Bl PR 34 [ &, TR XA IR E FR it AT 28
WER . NEREEANIEY e Hor, 48 E %34 Baum
S ND2BE H B AL #7053 (Random Hypersur-
face Model, RHM)., RHM R FI {8 5L -2 %
TR BRECR A H bR 1R BRI AR . ik
—3PHh, Wahlstrom%E A 35082 A & i 7
(Gaussian Process, GP)$iiid H #5112 F ek 4. H
TRHMAGPVETERE4: B ARFe BRR T8 2 1) =0
R, M TAREEN N, RMMTE BRI H ) 1&E B
PESELF,  Fir DL T 32 R S I 5

U B9 2 B AR BRI 7T 22 DA 3 1 e 7 R
Aide, (HSEPRrh & R FE AFG S AR 2
A RS 52 BIPAEE LRETHRAE  HOIR L, & 3
SO 5 5 R B TR HE AR, R AL o 0 R L R
FROA . FEIX o BE AT G S bR LI R R A LR
AR RN R R A, EAF L RRE
PR AR IBARE ) BT AT BT EE AT S 00 Y I8 A
AEFRPED) . ST R IR A ), — s DA
WFIE % KRB & R 7K 2 B 3 (Robust Kalman
Filters, RKFs). 1, MA&ilJE a0, KA


http://radars.ie.ac.cn/CN/10.11999/JEIT240824
mailto:huich78@hotmail.com

804 G

o

=]

2 %
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SR P A TR R /N IR ZE I P AR, XY
A AE S AR L b AT DAHR AR J5 R MR P IR A i o s
U, AEAEDE PO REBOA A HLE AR,
RS REZ BIR A BAh, REERN THER
e A N Student’s t AT T7 %, TR T
AR AR PO E R R IR AR Y IX LR A
FET RS e A R R R4, (HARAF R AT
Fa E MR, BIWRF AT 2w i, A2 24
ANFHJE MR, R uE A i PEREE A T T .
T2, k(22,2318 T @ ii-F AR E 0
(Gaussian-Student’s t Mixture distribution,
GSTM), VAEMAR-PFaMe f3p e, 5kl iR
AR AR AR, JF Halid e RS
FRABDRE FL I A0 o B — [ vt i e 75 Bl R R A, AT
& NS BRI . 4% ERTIR, GSTMZrAf
I DA SE R 2 2 6 DR A 7 e BT A 5 R R R AR B 2
(IR, AT AE AR RS IR N X H AR SEEUAS
BRER. BTl B0 RS 09 R H AR ERER 1
L, it AR R R R R P 2 AT AR
FERFPERY, AT LURS BRI H ARIE SRS R IR K 98
Pids o

AET UL, ASCH S AR RS R e 7 A ) e
PPN FARIERER )8, K N GSTM
oA, B SINASAIRENAS R, KRR N R
A, R B AR BT AR @A I b Ry o
i, FEAZ 5y VUM (Variational Bayes, VB) /1%
TREIARRIZSPREY RS . fHEilEd i H
S, SRR SR A R

2 RGEIR

BT R EPRR, 3R H AR Bl SR A
2 T ARG IISEPIRES, IEEHE HARR
o BRI 213 HARIRE T G G fliig, RI

Ck = (xk, Xi) (1)

Hrr, ), Rpx BAREsRES, fE24e= i+ nr H

wp = [z, y,&,9) B, BEMEMEEER, X,

RRTFRIEEHRE, Fom BhrRy BIES.

2.1 UL EshtEsy
EEAELT, B ZIE B ARRES 2N

(2)

H, B o BARBSIRPRES B, I,3%
INAAERRA R, RN WM wp_ 1 FoR
Wi ENAN Qr_1= Dk,nkfg ® X1 WL F2 Mg 55,
Dy j—o NERBUEFE.

xp = (Fpjp—1 @ Ig)Tp—1 + wp_y

2.2 BirENEE
NS 2 SR ey e B ARR T L
IR A, BRI 2] Y5 T 4 75 o 855K 0 =
Pyl , EWATRRA
Zi = (Hk ® Id)mk + ’l)i (3)
He, gyl = (Hy ® L)y s &R E, Hy =
H, @ 15 vl RoRW 72 NsX), + Ry &7,
sNAAF, —MHs = 1/409, 12 kB Z1 B bg Bt
R A ENE AN Z), = {zi}}il, n sk % H
Frre AR I, — MR ISE S p HIERA 73 A 124
2.3 ¥ RARSER
¥ Bhr AR 2 A I A AR, Ry Ak
A5 B2 B p( X g | 2% ) BRI B 73
i, P
P(Xpo1 | ZF71) = IW(Xpm 13 0p— 11, kawcfl)(ll)
Hrr, ZF1RORETE — INZIB A B vp_1p,
V311 73 0 T8 B 5 43 A b 1) B E B 2R
SRR .
TS RS X MRS AR p (X | X 1)
AR MBI Re o3 A, B

p( Xk | Xp—1) =W (X Okjp—1, Xi—1/0kj—1) (5)

Her, Spoi R HHBESH, HTHAY EH
IR KN
2.4 SEIREER

SR TREN A, BHTHRERL, RERE
{ERD B 7 (1T g BAE A TR () B, AT P24
eV A2 i R RE R S A S 2 dn, bR
HARTEIE R 2 R A b iz shit, HbrrlE
WSS REZ B KE RS T, o] DL
BONE RS M ER NS RS F, E55
SEEAESRERCD, ] DU s e . R
TEIE A FI R A, ARSI NGSTM M i, 1%
G AT e R 5 T L DLIE A [F] MR S A A . TR
GSTM43 A B B AL AR e M3 25 P bR B0 R

p(rls) =cN(rip, X) + (1 —<)St (r; u, Xv)  (6)

Hrp, p, DR RRE R R REEHE R H H

ESH, IRAMERJRMN IS AR, RN
p(s) = Be(s;1,1 1)

Hp, IR IRSEL.
R (6)F(7), GSTM% i HIBEHL 7] &
r IR BT R A ] R om N

(7)
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+ (1 =DSt(r;p, X, v) (8)

X (8) T LAVE L B, MR A MR
AHLL = 1850 = 0B, B3 HMGSTM MR A
= 8404 B Student’s t94f

FINBEE R, K (8)MRRN

p(rle) =IN(r;p, )+ (1 =U)N(r;u, X/e)  (9)
b, B 50 (10)
p(elv) = G(g;v/2,v/2) (10)

Sk, G w0, @) = Fosa e = RRTRS A
RS B R BN T 504 . o1 T 2 2 2
O EH ) E 2 A 0 W R
B, 45 S H B I S

FEVBHES T, 200 I A M3 A7 22 23
I, LSRR RGN, SO IR AR
HIE R, SOAh, S AR e, KR A
BN TG, A MR R R A (5
Fls i, B

plcs) =1 —¢)' ¢ (11)

BS54 H I GV 2 %5 F2F 5 T LA L
T4 B R R

prle,e) = [N(r;p, D) IN (1, /)]0 (12)

Epuwil ayith- ¢/l lU ISP S S Ul IR
IBBIARAS — 20 TN o KR B ALLSR R K A

p(mk|XkaZk717a-katk)
= [ N(@wujp—1, Pyro1 © Xi) ™

1—ty

[ N(xw; @rpp—1, (Prjp—1 © X&) /o) }( )

_ LWk W
p(Uk) - G(Uka 2 ) 2 )
p(telm) = 7 (1 — 7)

p(7r) = Be(7r; g0, 1 — qo)

(1—tx)

(13)
P(Zi| e, Xi, v, pr> Vi)
ng
= H [N(zi;f{kmk, s Xy + Rk)]w
j=1
CIN(2); Hyap, (sXp + R ()
[N (z1; Hyzxy, (s X + Ri) /)] (14)

plpx) =G (pk; %7 %)

p(yklme) = m* (1 — mx)

p(m,) = Be(mk; go, 1 — go)

(T=k)

Hordr, 4 My NIABRZE, op M, NEEE,
T M, IR EREZR, wiMlu, NEHESEL g0 Mlgo
NS A IR TR S 2L

3 EEEZE

3.1 BHE)E#

TE DLW e ZE N, BHARRIIE s RS Y R
R A FF o8, R ay A0 X, IR B T 5 B ]
KN N
p(@i, Xy | Z87Y) = p(ay, | Xi, 28 )p(Xi | Z571)

(15)

A (13) FR AR 1) B AR FE AR B v R oR oA

Tpj—1 = (Frjp—1 ® Ia)Tp_1jk—1 (16)

Py = Fk\k71Pk71|k71F];F|k71 + Djjr—1 (17)
PR R A 1) T0 2 B v 3R 7m
p(X0 |25 = [p(XXin)

p (X1 |28 d Xy
= IW(Xp; vgjk—1, Vij—1) (18)

/\q:l

Upppo1 = e A T (19)
eiAtk/T’Uk_ 1 —d—1

Vik—1 = Hk=t Vi—1jk—1 (20)

Vp—1jp—1 —d—1

Hdr, Aty =t —tp_ NBTIEIEIRG, T NI R
RHER(13). X (15) M (18), ALK IBEA T
MR B LR p (i, X | Z571, o, ) 5 IR
p(@r, Xi | 2571 ok, tr)
= [ N(xp; zrpp—1, Pojp—1 @ Xy) }tk
IW( Xk Vg jk—15 Viji—1)
| N zgp—1, (Pyjr—1 ® X&) /ow) }(17%)
(21)
3.2 AR
25 € B AR IS PIRASY RRAS UL A =l 5
N EIALLER BR AR B
P(Zi| ey, X, ngy pr, Vi)
= [N (zx; Hya, (s Xy, + Ry) /ne] ™
[LW(ZF;ny, — 1,8 X5 + Ry)] "

_ 1—
W25 — 1, (s X5 + Ri) )]

- [N (zk; Hyzr, (s Xk + Ri) [npr)] 0 779)(22)
T o 2 AU RS Z, AT 7R R
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1 & b (i+1) so=(0) T SXIS) + Rl(ci)

= > 2 (23) Syniy = HiPy)  Hj + e (31)

j=1

ne Hrh, %i&Kiﬁl_l*DS,’;T,CI_I%%%%?%EK?*M/%%@J

7, — J J T 5 (i ~ (i —

Zy = Z;(zk — z1) (25, — 21) (24) AT, gﬁpPk(I,)g_l%ang)Eﬁ%mjg
=

3.3 2MEH

HTARREMRES SR MAEREG KR,
T AT T EAR RS SRS A AR S B A 5 5
S ATAR BRI o PR o] SR BV B 7 ¥ SR AR S By I ALk
fig2o), A —ANBON TR 2 A g (D) T ASE IR T
BRI G R p (D1 Z%), WL MEP & 2 18]
K-LEE R, 15 2] — AN 1 35 58 5 56070 A 1 i
i, Horbdy, £ {@y, Xk, 0k pres tes Yoo Ths Th fo @ (Pr)
1) B AL A5 A2

Ing (¢) = Eg, (—y) [ln p(Py, Zk)] +c, (25)
He, o ReHINSE; &) (—p) WL Frp LLAH
RIS o, RARMSLT o 2. 8 b e MR
KRR (25)F WS, RIFESE IREFR, ¥
q(Pr(—¢)) [l & N (Br(—yp)) » H A 7 i
p(®r, Z¥) AIRIRN

p(P, Z¥)
=p(Z" Y[ N(@w; Tpp—1, Prjp—1 © Xi) }tk

' [ N(xp; T k-1, (Pk‘kf1 ®Xk) Jow) }(1_tk)
IW(X s -1, Vigje—1) o (1 — 7, ) (%)

: [N(Zisﬁkwk, (s Xy + Ry) /ni]*
-Be(mk; 90, 1 — go)

- [N(zi; Hyzr, (s X5 + Ry) /ngpr)] )

) [LW(Z’C;nk —1,sX; + Rk)]’Yk

-Be(7k; g0, 1 — qo)

[LW(Z%;ny — 1, (s Xk + Ry,) /p;g)](l_%)

. W Wk . U Uk
G5 5) (g 5)
bR (1 = 7)) (26)
()Y = xp B, PR qUHD () EH N R4

¢ (@) = Nz, PSTY) (@20)

: k|k
/\qj
(i+1) _ p@) =T lib1) ) L
Kk|k—1_ P11 Hy, (Sk“c,l) (28)
mgﬁgl) = Tplk—1 T (K,(;‘Zi)l ® Id) (zr — ﬁkmk‘k_l)

(29)

T
(i+1) _ p) (i+1) g(i+1) (i+1)
Pk|k = PK|k71 - Kk|kflsk|k71 (Kk|k71> (30)

~ (i Py

Kk = Ol 1 (1 - EOGDEOe] )
o R
R - : (33)

O] + (1 = EQ[y]) ED [py]

(2) Mo =X I, AEEqUD (X)) BEHT 938
ks iil

¢ (X)) = TW <X£i+1).v(i+1)7 V(i+1)) (34)

» Vk|k |k
/\EF]
Vk|k = Vk|k—1 T Nk (35)
V(i+1)
ED (X,] = Rk 36
[ k] vk|k — 2d — 2 ( )

| R )
VD = Vi + (SG0) T N + 2 (37)

Nijp—1 = (zx — Hywpoo1) (ze — Hizgm1)™ (38)
Hordt, Ny NEMGRZE T 225

(3)Hp = tefllp = yltf, FLREGUTD) (1) Fl U+
(o) EHT BRI G340, 2ty Ay, 43 A HLO B LB ()

P = exp { EOmn] - 05t (AP ) )

klk—1

(39)
P = exp {E“) [In ] — 0.5tr (B,(j“)R,;l) }

(40)

pitly = exp { EO[n(1 — )] + 0.50EV ln oy
RRICAT vy | ST

pily = exp {E“) In(1 — )] + 0.5nE®[In py]
~058ojer (B Ry} 2)

Heb, nMm A HIREEIREMEIO L
PR AU BUTD aoR N

Agﬂ) = Pk(f;l) + (m,(fl;gl) — $k|k—1>

. T
(e = wenn) (43)
B — APl V] + (2 - Hia))

. (zk — ﬁkwéil;gl))T (44)



% 33 i T |

FESAT N HIPY R HARER I 807

@Y = ol = pilif, FPKEGL (00) B gt (py)
RN 53 A

o) = G (Gun T 9Y) (45)

¢V (pp) = G()\’w (Z+1)’ l(€i+1)> (46)

b, IRSEL Y, o TV RS (Y, gt
RIRN

77](;‘-&-1) — 0.5n (1 _ E(i+1)[tk]> + 0.5wy, (47)
a,(fﬂ) =0.5m (1 — Bt [’Yk]) +0.5uy, (48)

9D = 0.5t (A““)P 1 ) (1—E<i+1) [tk]) +0.5wy,

k|k—1
(49)
BUTY = 0. 5tr (B,(j“)R,;l) (1 - E(”l)[%}) +0.5u
(50)
Hor, oy M KT AT R OR N
(i+1)
. p 1
E(z+1)[tk] - te=l
pg,z:? + piiﬁf
Pt
(i4+1) Twme=l
BV = 6D
Dyp=1

(5) Y =m, M = m, B, ﬁ”ﬂq”'l (1) Flgt+t.
(mx) SEHT R DLIE 43 A

¢ (1) = Be ( gl h,‘j*”) (52)
¢tV (m) = Be (7Tk, e,(;H), ,i””) (53)
e, JERBH Y, WY, el TUR TV AR
g}(€i+1) — g0+ E(”l)[tk], hl(cHl) =2—qy—

e}(jﬂ) — g0+ E(i+1)[%]’f]gi+1) =2 — gy — B0t [y
(55)

(6) MR X (52) M (53), ECY[nr],
E0 Y [nm,], ECHD[In (1 — 7)) FECHD[In (1 — )]
IR A

B ] = (g ™) v (o + (V) (56)
E(i"'l)[lnﬂ'k] =1 (e,ﬁ”l)) — (e,(jJrl) + f,ng)) (57)

E(i+1)[ln(1 )] = (hfjH)) 4 ( (i+1) | h(z+1))
(58

)
EG)n(1 — mp)] = ( zgi+1)) -9 ( o ka_l))
(59)

(DR (45)FIR(6), By, B[,
E(i+1) [Inoy ] A1 ECHD (Inp,] 7] R~ N

(i+1) ’71(;+1) (i+1) O‘z(ciH)
E lok] = 19(”1) B o] = 6T (60)
k k
B+ [Ing,] = 4 (”;:Jrl)) _ lnﬁl(ciJrl) (61)
B (Inp,] = o (agﬂ)) _ lnﬂ,(fﬂ) (62)
4 {nESEE
4.1 wE

NISAUEAST IR BE A R, IR A R
W 75 PR35 N X6 L Student’s 38 Wishart(Student’s t
Inverse Wishart, StIW)&EPT, B 5040 F
119" F& B #%(Normal Gamma, NG)& k. MK
JEBENLAEFE (Maximum Correntropy Random
Matrix Model, MCRMM) HiE A GSTMEE
BLHFE (Gaussian-Student’s T Mixture Random
Matrix Model, GSTMRMM) 5% EREZ R . %
EEMYERd =2, REBRYT =15, ZFRREZ0
HRHN100, BRAFIREN100. Beid Fe g7
Dyp—q = 0.12,  H b I [8) 386 Ak 77 2 & 77 72
A (2) MR (3)F R b Fa = | ¢ 1 |
Hy=[10].

Hr RIS E0N

1 0

SR E TR E A
Wy ~
N(0,Qg), w.p.0.75,1 < k < 20,50 < k < 80
N(0,1000Q%), w.p.0.25,1 < k < 20,50 < k < 80

N(0,Qp), w.p.1,20 < k < 50,50 < k < 100
(64)

xo = [30,10,15,15]T (63)

Vg ~
N(0, Ry,), w.p.0.85,1 < k < 20,50 < k < 80
N(0,100R;), w.p.0.15,1 < k < 20,50 < k < 80
N(0,Ry,), w.p.1,20 < k < 50,80 < k < 100
(65)
3 (64) M= (65) 38 1 e B A [7]HE 5 R0 N [A) B
P FLSEES B B R AR PR e R A . fESEIR I FR
MR EHVBITE, R RIE AR EORI S ) 4y
ABEENM = 50fle = 10716122,
4.2 SEFEL
AR S8 15 5 AR 1 1) K T A 1 R o A R AR
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AR, 3N = 8Hb = 4. EILUAARRIEIERSHE
BHE& ISP RERE . NPT IR, T
PRE R AAEARTRRR B RS, 2y & iz
fEIB B R h P AELEh . AR 5k AT REXT R
H R AT A RO ER 9 B AT 73 M AN [ D8 i 23
FEARV A8 7 0 e T R B PE R, 70 Bl A B89
PEBE S oAt T M ARAG T IR HERR 1

NIAESVEAE H A5 B0 BRER A 2, K2
100K S5 2 Sl N AR BIA R H AR PR IR IR
ZG-T IR 2SS Y, AR A B AR
JoE O R IR R ZE BN e NGAL L StTW S AN
MCRMM &R Zxr AR e 7 e s #0047 7 2, 127
FEMEFE AT A E RIS THRERE, (B A Y
By TR A, RS BT B A SC T 4R
GSTMRMM$L%7 & 21 1 e - J5 R e 75 2 [ ) 4R
PAREREALAR e, ARE LA AR A L AT IS, 38
RE I Qs A [F) e S 22 (B e, AR BRER I AR
ESYINP S T IDE S G

FEYJE HARERER T, SXARA H & R AG
FEVEHIBRER R R I BB bR . 3% T 3N ALY

B B AR THORE, BE3(a)TELEH,
T HAR S50 (S BAR R, AR EIRERIIA Y B H
s T R BRI T # bU R RS o il 5 90 8 A O BT
AP EIEXT R R AL VIS BEA BT . T GSTMRMM
FEA AR RS S E e A A ORI A, AR
T H A 3Fh S 2, S B P H R R R e A
U PP

FlAZ5 T 3 8 B bR BRI I 307- LR T o
I GWDH] LLZEA VEAY H briz 30 i 0 BR ER R 1
PRSI R . MK 4745, GSTM-
RMMTE J5 /0o R i AR BRI 1 35 2 B H Rt i
SMERE . MGWDEIE—PHUE T GSTMRMM A %
TEST 25 M s ok 4 e H b BR R AR B 5 e 1k
4.3 X{HE?2

Nt — B IAE TR E AR B R S E N, 7
IR R b, 1 AR R R A A A Bh A
A, TR N =1.01Frg=1.05. E5H
TEARTEAR T (T ERER I, A5 R AT DL BT W %2
F], GSTMRMME LA RE LIS H s B 1 AE
T, B GSTMRMMAE AR AR 1) i #2 b B A
R B AR

EI6 7 T 1004k S 45~ D05 B R B0 Al v+

2 500
2 000
E 1500 3
= — GSTMRMM
7
1 000 ol SUIW
500 — ‘ —NG
E5 \ MCRMM
0 o4
500 1 500 2 500 3 500 = 3
z (m) ~ AR /0
i 2 AV/ENGY \/\\/ U e
» True centroid — True shape 1 \/\/\“/\/\ V~\/‘w/ A2\
» GSTMRMM-Centroid —— GSTMRMM-Shape
StIW-Centroid StIW-Shape B
. NG-Centroid NG-Shape 0 10 20 30 40 50 60 70 80 90 100
MCRMM-Centroid MCRMM-Shape t(s)
1 ¥ H AR ER s 1 2 HARE O ERER IR 2
180 =)
o & 1440 ] 2
1430 2 760
160 1420 Ca
1410 2750 &
= 150 = @) ) 5 710
< 140 O — =T ()
== 1390 2730
130 —
1380 _ Cn
120 N 1370 | & 2720 1
1o | & 1360 2710

110 130 150 170 190
2 (m)
* True centroid
—— True shape

(a) W EL

*  GSTMRMM-Centroid
—— GSTMRMM-Shape

14801 5001 5201 540 1 560 1 580

¢ StIW-Centroid

(b) HHIEIREL

3630 3650 3670 3690 3710
z (m) z (m)

* NG-Centroid MCRMM-Centroid
—— NG-Shape MCRMM-Shape

(c) &P B

StIW-Shape

K 3 AR B R HOCE
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Abstract:

Objective This paper addresses the problem of extended target tracking in the presence of non-stationary
abnormal noise. Traditional Gaussian extended target filters and Student’s t filters rely on the assumption of
stationary noise distributions, which limits their performance in environments with non-stationary abnormal
noise. Non-stationary noise, common in practical applications, is especially prevalent in complex environments
where the noise frequently shifts between Gaussian and heavy-tailed distributions. To overcome this challenge,
a Gaussian-Student’s t Mixture (GSTM) distribution is proposed for modeling non-stationary abnormal noise in
extended target tracking. The GSTM distribution is used to model the noise accurately, and a filter is
developed to track the target’s kinematic state and shape effectively under non-stationary measurement and
process noise conditions. This method is shown to be robust in complex environments, offering enhanced
accuracy, robustness, and applicability for extended target tracking.

Methods The GSTM distribution is employed to model both process and measurement noise, enabling
dynamic adjustment of mixture parameters to capture the evolving characteristics of noise distributions in non-
stationary environments. To optimize computation, Bernoulli random variables are introduced, and the target’s
one-step prediction and measurement likelihood functions are reformulated as a hierarchical Gaussian model
based on the GSTM distribution. This approach facilitates adaptive switching between Gaussian and Student’s
t distributions, streamlining the inference process and simplifying posterior computation, which reduces the
complexity of parameter estimation. Within the Random Matrix Model (RMM) framework, Variational
Bayesian (VB) inference is applied to jointly estimate the target’s kinematic state, extension state, mixture
parameters, and noise characteristics. During the filtering update phase, a dynamic adjustment mechanism is
introduced for the one-step prediction error covariance matrix and observation noise covariance matrix,
ensuring the model to maintain robustness and adaptability in complex, non-stationary noise environments.
Results and Discussions The introduction of the GSTM distribution for modeling non-stationary abnormal
noise enables robust tracking of both the centroid and shape contour of extended targets in such environments.
Theoretical derivations and experimental validations confirm the effectiveness of the proposed method for single
extended target tracking under non-stationary noise conditions. Simulation and real-world results demonstrate

significant performance advantages. First, in terms of tracking accuracy, the proposed algorithm achieves a
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notably lower Root Mean Square Error (RMSE) for centroid tracking compared to other algorithms (Fig. 2,
Fig. 6), effectively adapting to dynamic changes in non-stationary noise, and offering superior accuracy and
stability. Second, for adaptive estimation of target shape, the algorithm shows considerable improvements in
non-stationary noise environments, providing more accurate contour estimation (Fig. 3, Fig. 7). It also
maintains high robustness under evolving target shapes. Moreover, the algorithm exhibits faster convergence
and greater stability in complex environments (Fig. 2, Fig. 4), with a significantly lower Gaussian Wasserstein
Distance (GWD) mean compared to other methods (Fig. 4, Fig. 8). In practical experiments, a vehicle operated
in environments with obstacles like tree branches, where the noise is non-stationary, further validated the
algorithm’s performance. Under these conditions, the proposed algorithm demonstrated exceptional stability
and robustness throughout the tracking process (Fig. 9), outperforming other algorithms and highlighting its
adaptability and reliability in complex dynamic environments.

Conclusions This paper proposes an extended target tracking method based on the GSTM distribution,
overcoming the limitations of traditional algorithms in adapting to non-stationary anomalous noise
environments. The GSTM distribution is used for noise modeling, combined with the RMM framework, and the
VB method along with hierarchical Gaussian modeling simplifies the computational process, enhancing the
algorithm’s adaptability and robustness. Experimental results across shape-invariant, shape-evolving, and real-
world scenarios demonstrate the following: (1) The proposed algorithm significantly outperforms existing
methods in robustness, particularly in centroid tracking and shape estimation. (2) The noise model is adaptively
adjusted under non-stationary noise and dynamic target evolution, enabling high-precision tracking of extended
targets. (3) In complex real-world scenarios, the algorithm successfully tracks small vehicles, further validating
its effectiveness in practical applications. Future research could explore integrating multi-target tracking
theories, extending the algorithm to multi-extended target tracking scenarios, and addressing more complex
environmental challenges to further enhance its practicality and performance in multi-target settings.

Key words: Extended target tracking; Random matrix; Gaussian-Student’s t Mixture (GSTM) distribution;
Variational Bayesian (VB) method
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