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Distributed fusion with out-of-sequence estimates based on
Gaussian mixture probability hypothesis density
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Abstract: To deal with the problem of distributed fusion of out-of-sequence estimates based on multi-target filtering
with random finite sets, we propose a distributed fusion algorithm of out-of-sequence estimates based on Gaussian mixture
probability hypothesis density. In the frame of Gaussian mixture probability hypothesis density, we present a newest avail-
able local estimate discrimination mechanism for the out-of-sequence estimates problem based on the recursive filtering of
probability hypothesis density. Then, the intensity of the probability hypothesis density acquired through the newest avail-
able local estimate discrimination mechanism is fused by using the generalized covariance intersection fusion algorithm.
If the number of components in the mixture distribution grows exponentially when data are fused, a multistep Gaussian
mixture component pruning algorithm is proposed under the premise of minimal information loss. Finally, the availabil-
ity and feasibility of the distributed fusion algorithm of out-of-sequence estimates based on Gaussian mixture probability
hypothesis density are illustrated in simulations.
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1 5|5 (Introduction)
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FRIHkR .

IR S HESR AR, TEFE B X &+
fil & T # G 7 & W (out-of-sequence measurements,
OOSM)FI 4341 2 il T [ 76 74t 1% (out-of-seque-
nce estimates, OOSE). & Xt % & = ji & T F1O0SM
el fR, V522 52 AT ST, SCHR [S15E0 PG A8 1
—PIER BARIRER R, A T BRI P REMERAL
F, IFHS T AN F B U T A LSRR S 1) R
SCHR (6151 % 245 s — P TP BRI R S, KA M iR
FHR BN R T S o3 HE BB At vt 1) R b, Bl S8
[F)/ 530 KA T 24 B85 B R E H OOSM i) 7 LA
FEAANTO P B 22 0 JEAR FAt v i) /R, BFC N R R H
T#ZEET & HEGUHE L, /=l THHESE
TELRE AT RE A SEi 1t B B B A3, BRItk
BR (101752340 AL THAEZE T 92 HH T B4t v (OOSE)
MES, ZEUEIEA b, SCHR[11] A2 AR RS [P RAHE Y
AR FENLIEIR I 4 BRER RGNS, BFFFTC A
THE B RAE R B A RS o), s — gy
()38 F SR OOSERA HIYE. SRIM, IXLLF I X%
GiBayesfhiTHHESE T B H AR B8 &2 XN E
Rili-E DA B o3 A SAd T Rl A R H OOST i) (1 #R-3,
HRY KEETBENEIE B AR 2 B ARRES LAttt
AR LA OOSTA . STHR (1218 TR T 2 H
FRPHDEE S FE - OOSM ) AR ] i, IX Ah &M ——
FAE % B AR BENLAE JE AR T 3 18 OO0ST i) # ) 3L F.
HHT-O0SMt H 2% v T4 i = B Wl a5 RO 2,
I, 2 HARBEHLARIEBAEZE 58 2 0 A X2 H ARG
THELE R OOSE Il A TSR AL T2 .

AR IO TR A AR AR B A FE S e A A T A
THRLE 0 ST THF9T. 7o iR & MR AR v B R
BAFHIMESE S, BT 3 R % B (probability hypo-
thesis density, PHD)IE #EJE & 45, 8 52 TIEH T
% HFrBEALER TR A T0 o Aili o 0 50 o) R Al o
(newest available local estimate, NALE)3] 5l #11 %, 4%
JEFI Y B I 2238 RS & NALE A AL
THIZRAS BTG P PHD SR BE A THI Rl &, £ XS RlE R
o BRI R AP ) B, R RIEAS B3 R/ MBI
RUER, X RlE i 72 (0 A [R) 274 S i 70 B B B 484,
ST —MER B BEEIIRE. SRR T
SCH BRI A A R AT
2 Al @43R (Problem description)

2.1 EETHEHABRER L B b5 E(Multi-target

filtering with random finite sets)

R. MahlerfE sUSFEFIBEA LA B LA B r T
FENA BRGE 112 /71 (finite set statistics, FISST), FFM
ERAEAGTH M B R IFAR 2 B ARERER 018, 2375 % %
H PR A E R K FEAA FR2E & (random finite set,

RFS) & {E (set-valued, SVYIREFEMEEN, HTFH
BRER AR TC MM, 755 XL T FISSTAHI ™ SLFISSTHI £
HERG MG, HEFEBIRFSHELR N2 B st
DU ds. e AT
1) T
Jrje—1(Xi| Z1p—1) =
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2) BEHL:
fk\k—l(Xk‘lek) =
Te(Ze| X3) frpp—1 (X Z1x-1) 2
Te(Z| Xk) frpp—1 (X Z1:6-1)0 X3
/E:EPI fk|k71(Xk|kal)%7Rg Eﬁ’lﬁ%ﬁ%é’ﬁ@%%
ME 25 L, fi( 23] Xo) 3R 7= W 2 4R & B BL AR Bk 4,
Trpem1 (X | Z1k—1) RN 2 HARIRZSEE A (1 I 18] Tt 00
MR, fop(Xi| Z1) B HARPRSEE I FER
BT ERRFSHEZE T 12 H AR L DU ik ds
TR R AR FEREE B AR AN 3 2 Bk B oK, #hoe
KRB bR N R HEATATH. A, R Mahler
$EH T PHDJER 28, PHD 22 H A5 5 AR HE K —
B aivtaE, AR R B ARSI e X I AR /- (E R
iz BHAREE BT, N2 BFRRES
5] _E 1) 22 B 5 5 50 W 2% B s B H AR A
TR B B B (HREE).
%k — 18 %, H 4= ®IPHDA D), (z), 2 H &
RSN (X5 | X)), WFE
1) Tz

Dyjp—1(x) =

v (z) + jSo(xk|wk—1>Dk—1(xk—1)dxk—1; (3)
P(zi|Tr1) =

b(xr|zr—1) + Po(wp—1) f(zr|Tr-1), 4)

Horr: vy () R B AR BAR, b(y| 21 ) RN HIZ 50
A AR, Py(wp_1)2 HIRHAEFBRER, BRRT iR
HIZETAR B
2) PHDEHi:
Dy () =
(1 — Pp(z)) Dy () +
3 Pp () p(2]x) ,
=€k Aoy (21) + f Py () p(2k|2) Dyjg—1 () d
)
Forfr: N IR TR BB, o (20) B — NIRRT
E, Pp(x) =2 HrRriliig.
PHDZ H i MHERSZ WA, B A RaE
HARRSE R, AR ERERM H s R BT
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PHDAE T TR (¥ SR A PHD. A SC =
HWriR-A PHDHESE T IJC Al vl & [l 7.

2.2 8] @A (Problem description)

FESE A A AL AR M 45 o, B35 ERR 2 H Fr
BINJE, AT IER A, TR1E H PRSI R
ARG T, SRR HAR IR S HA Y o, R TR RS 5
¥, FASHi R AL AT TR AR Y 0 B AR
JREAG TR GI ) 227 B PRIRESAd v 52 M2 e
FRA AN RE B, A% IR 4% A% B BEATLRY, I
A RS AL R TR B S IR, 3X S R W] fE 2 A AT
B — B IEIR L P SEIR RIS L, [H U EAE
FE [R5 RAE T AR AR M 28 52 2 A SRl s R A
B R ALV B BA A AR U AR 2 ITE P
RAE, JRSE R E RIS BEALITEL, B4 T 5820
ARl EHREAOOSER R AL

! T T

Z(k-1) Z(k)
Bl | HREBRETFANT

Fig. 1 Out-of-sequence estimates of sensor system

SHFAE—5 S S, BT PHDIES 28 i 4+ 5
Bk, B R R A T B R S A ERTITE 1
SR BB, xR A4 O0SEREA R AN =,
FEANTHRE 2 BT, B AR EE AN S SR E 1IAHAR
5 P JA TR — AN JR 5 Ak 1 L 5 T R A B (NALE
flivh), kI 75 L N B N ALEA T A B AL, 1%
FEAE AR M 4 R S 2 H FRREH LIRS TR A Al
HEbA AT, K, TEMFRER T2 HirbEbLEE
RERA Tl vE A AT B BUAINALEA AL
i, 2R TR LR 2T HNALES BIHL ) & 1%
5 ENALEA VBl A i 5L
3 MATRABERBEEEL VRS

(Out-of-sequence estimates based on gaus-

Z(k+1)

sian mixture probability hypothesis density)
3.1 & WiiR A W & % B I8 3 (Gaussian mixture
probability hypothesis density)
TR TR B R B BE DR B PHD SR (K —FhS&

B, A AE 1) = 3 B SRR ALL Ao B pR 4L,
‘BREGE R—A BARER IR NG IR A
T TR A N R U 2 s A B Sk TR AN
FHANMPIR:
1) PHD T
Dyj—1(z) =
Ye(x) + Dy gjp—1(x) =

Jr,lc
> wglv)kN(m(l) P(l)) +
i=1

v,k vk

Jr—1
l l l
a;@ﬂwmwmwm ©6)

Hoeh: {wl), m, POV BN B A H AT M
A {wi m PO VR B AR
FROBR SRR R, AR RO BT Em ), R
%P TR S BT

miljclk—l = F(k,k — 1)mgl,)kf1> (7

Q(k, k—1)+F(k, k—1)P") _ F*(k,k—1). (8
2) PHDEHT:
Dy(x) = (1 — Pa) Dyjp—1 () +

Jrlk—1
> > w!Nm, P,  ©
z€Z 1=1
HrhE i EIAUE . YHEF T ZRITHE AT
Pdwl(cl\)k—lN(él(ci)k—D Szil&_l)

W) =

)
Jklk—1

U N U
(2 Pa 3wl NEL i)

o _ @ @ ~(0)
my =myg o + K (z — Zk|k—1)7

P =1 - KYH]P

k|k—1>
2l(cl\)k 1= Hml(cl\)kfv
KL = P HTIS
Sty = HP{,_\H" +R.

3.2 BoFr vl A AL v A B AL #El(Newest available

local estimate)

FEAL G 5 H AR TR A OOSERE & AR H, B
Kt o] A Al TH(NALE) BIA ML HIAAAE B AN T 8,
B AR Ty RN 7 R0 1. 7R B H AR OOSESh
THRE T, IR A B ARIRESAL T AT B 31
M7 ZE 2R, BOA TR, SR B A B 746 77 K
REARNALEHHLHIAFAAE AR B R &L SR, %1
HEH AR Z KRG = 2r B K 2 B ARBEAL S
PHD 3R i v+ FIRl& 18] BT 5, NALEA] AL )%
ATT RIEARATIAT, KR T TR A8 P 25 1K) 242 40
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ARl dr, HAT SO AR AR S s 2R, A
HMFRESUE A2 BASE IR i o B R AN LS, S A
HESE . HARIE A OOSEAG Tl A Hh 3 -1 TR B F 22
FERINALENLS LPANE AT, Bk, ARSCRAEET 3
77 ZH L2 B ARBENLER S Al T FINALEH B AL
. HBIHLEI T

BP AR (k)R EHT A A
TAVER, M,Rom (k — 1, k] & 0 A AL 3 B TE A
TN BB R (k — 1) 815, BiAY 53’55@5’]%
R B R AL THE R D,y (), WA () =
M; = 0; @& S AE(k — l)E‘]‘%UB"JPHDﬁfEﬁﬁ‘ﬁI
I AT T 2 HAsBENIERS I IL R &
vE SRR, IR 2 (6)SRAFRLE 1T mi—25
W Dy i1 (), 2Dy, (2) = Dyji—1(2);

B2 HEREBI— DL D, (v) EliE
R S, Hdha < k— 1, BM, = M, + 1;

B3H Fa >k WI(k) =a BH

Dzjcv\lﬁ () = () + DXy (@) =
! !
z; %,kN(m(%)ka P’E//)c) +

Jo (k)
) (z) 0
Ps l_zzl wr& k)N( Sklﬂ(k)’PSk}"ﬁ )) (10)

Hrfr:
mgcw(k) = F(k,9(k))m %(k)? (11)
POy = Qe 9(k)) +
F(k, 9 (k) Py F
BN, EFTUARMW D, 0 (z), BB
Dyji(x) = Dy~ (2). (13)
F B4 BEREPBRNPES, HRRET SRS

RIS B oA, WMy = M,
BB NI EALOOSEAT -
Dyyy.(x) = Dy (). (14)
DAL By e e 38 R R OOSESL:, 78 4 A A f
RS I 45, 5 A A I %15 K R BINALE )
G, Sk ZI BRI, BVRTR Y R 228 XAl

(generalized covariance intersection, GCI)%/Q&, SERT
NALETRIMSE THE RS

3.3 ¥R ZER X(GCDHRE & H (Generalized

covariance intersection fusion)
2 P& AN g, FoA T B 22 H AR TR FR0N A
RELES A [ f;, Ha AR R R, )

{fi( ) =nl-pi(n) I si(@),
TEX (15)

Tk, 9(k)), (12)

fi(X) =nl-pi(n) I1 s;(x),

reX

T GCIERERL At TH5 2 H AR TR TG BER 70 Af

TR
RO A (X"
RO = Troo, ooy
Hrbw € [0, 1J35E T P MR BRI XA,
B fi A0 f; 53 AR R MIRSE [R5 i R, K £, (X))
WML RS R, A

(16)

fu(X) =n!-p,(n )zle_lxsw() (17)
Hrp:
st w)(iv)SZ’(w)
(18)
f (1_‘”) (y)s%(y)d
pu(n) =

(1 W) js dz)"

zp“%m) <m><f “”() 2(y)dy)"

19)
2 R S TR AR AR PSR AR A, T
FE R R P A B A A
si(o) = S wiN@m, P, (0)
a=1
N,
si(z) =3 wé?N(J:;mz’,PJb) 1)
b=1
B 0)-2 DA 8), B
Su(x) =
N; N;
(Y wiN (z;mg, PA)) = 3 wh N (a;mb, P))</
a=1 b=1
[I52 weN (g me, o)==
a=1
N
(bZ w?N (y; mb, PP))]“dy. (22)
=1
BT EINE SN EL R EEZE G — A
M E B S An, B, BT EA SR E

M5 (o) AR iR G 2040, ek 5e
B H FREERAS R, B A TR A RO BIROR,
MG 5 5% 26 SEFR X BEoxT b ) B, AR SOREK
BIEAN R 73 B SORARI AT, LAOREF iR oK
%H‘J%%iﬁ%ﬁ#ﬁ%@”h Bp

[azl wiN (x;m¢, P*)]* =

1) K2

3 [wt N (s me, PO =

it

S (wt)nlw, PON (;mt, Piw). (23)
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N. Nj
2 5 v mip, PiP)
Sw(rr) == N Nj f
| 2, 2 N s mi, Pifa
N; N;
> wfij(x, mfjb, PZ‘;”)
R 7 , (24)
> wi
a=1b=1
Hr:
Pt =[(1-w)(P) ™ +w(P) (25)

mg; =P [(1 = w)(P7)7'mi + w(P) ™ mg], (26)
wi = (wi) ) (W) k(1 — w, Pk (w, Py) -
o v P H
N(mS —mj,o,l_erj), 27
A [det(2nPw)]?
ww P) = S an Py
SR, BRI R SR AL, A A A
I i B A G BE B R 8 KB O T A AT 4T
ERERE A B AR, EIRIE TS IS KR .
T, BRI AR PHD SR B A i s i o B 40 H
3R NN, BEAZE B & RS MR R wFiE
HA AR 43 B A SRR, A il vt iR SR &
SERIEE WK AN, x N, FplH, 5HFoednmh
XEETI S, Al T2 5 Fra AT SRR T
HATRLE, BEE R A SRR EAT, #4 BCPHD 38 B A v
1) e 0 23 B SURIHE N, SO0 T RO R Bt
VRS2 BRI AR A8 M 25 1T 5 R AN RE B2 1), AT AS75
REVHE R ERATHE. BRI, ASCEERFATNALE U
THERLE AT, 7RIS B R B /NIETIR T, BEX Al
E I R FEERT SIS BB ERAE, A T —
T2 45y B BB E L, Hon Rk,

(28)

R T

l

R Hﬁﬁ%ﬁ@;@;@

RERA [~ AT

K 2 BETHERRE
Fig. 2 The process of pruning algorithm
M2 A Y, 58 1R BB RAE AT 5
RS F e BIFRAT T — I ZPRS TN BEAT (4 T
PEPGEHETH SRR ), H B H B TS A R

Hofth 5 55

R, TEPEPEFE F s/ v B AN B DA AR E v
=, AR ERIEE B R R/, 2R 2B
FEAE AN IR 2 B B 58 RS FIAE = 3 g A T A R R T,
HEH R EN S &I TE, s &
AN ECEE T H AR S, AT A R il & i
M. AKHEAS R B 2 BB & 4 2 L AN [,
3 HeE BN B BT E L.

1) FIRS EEETHERAE.

FIR S BB DT R A ERRIE R R
TR/ NS RS, BTN T

FBP wEPETTRW,, BEE IRy R
AN TRK. IRA BRI AUE R /N AT HES,
Fw; > Wo, WERE Z =, BT UMK S5 R
B IZERERT S WITHR [16].

F2p  EHURE S EPBUER KIS E{wnax,
Minax> Pmax }» B { Wimax, Mmax, Prax }5 He 7 8K
AT 4 &, A FHiMahalonobis 4t o1 B B K & & W 5
Wy a2 IAEEES, B
di; = %(mz —m;) X7 (my —my), 29)
H A S MAa e m %, HHEENMFRE—RER
IIBR 7, WPKB o AT A, 152 R 2 A AUE:
we = w; + w;. BA:

1
w; + w;

me = (wym; +w;m;),

[wlﬂz —+ ’U)j Ej +
w; + ’UJj
wtvj-w;j (ms —my)(m —m;)"].
B3 FHLAREM TRUE B &N T
PUEEAT R
N

K
minﬁz a;N(z,m;, P;) —J;ﬁjN(x, m’;, P!)|*dz,

=1

K
st 38 =1 (30)
j=1

P EHRE SNSRI EOE RIS ROE )
BARANEEE G EEL BIESK, WY 1.

2) 2R ERBIERAE.

BLP BEPUETRW,, 85 IERW, = 0.5,
TR GHAIBUE R/ NHATHES.

Fp HEFRAEHEEw > W22 HBHT
TRARRA.

F3L  FHBHR SR HARRE.

TER Y Rt 2238 X RGBS B NALE T
TUAL PHE R Bl 5, 24k 21 0 200 21k i, 7T H
F(9)XFPHD R EE A 1 5
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4 {FESHr(Simulation analysis)

A ST SE B AE 4T TP HEAT, WU X 3
~ [~1000m, 1000 m], y ~ [~1000m, 1000 m], %
FE3ME IR IR ERAN B AR B s O, 345 1A% AR A5 2
M HS1 = (—800m, —1000m), S2 = (600m, 0 m),
S3 = (1000m, 0 m), KFEHHIT = 1, fEEER S 1A
15 RRER S 34 BB — I 2 [ 5 B8 S2 RIS
B, RS STHHMTIRSELE . 4N BAsAHgk B, &5
FRAAEIRAS A R AR RIS T I TR R L B 7. KA
JARAT = 1s, BEA WM A FFLL100s. BI3GAH T 15
ELSLI A

& 1 BB ARALIE RS F L AR
Table 1 Initial state and life cycle of targets

Hix HILRIRA HA/FET I B]
400 1350 1
1350 50 20
2 (=450 =27 900 — 450 — 2 — -
[~450 =55 900 — 450 — =5 ~500] _
600 691 40
350 1050 40
1000 T T
- H $T4
600 [ H sl
£ 200
= I H b33
=200 [
I 52
—600 [
~100) ————————
—1000 —600 -200 200 600 1000
X/m

H#51:bom t=1, disk=100 H #52: bom =20, disk=60
H#53: bom t=40, disk=80 H #54: bom =40, disk=80

K 3 Hirizzhhid

Fig. 3 The trace of the targets

PiEH & Bz s RS MR TR T

Xip1 = FXj, + Grwy, (3D
Zy = HX}, + Wi, (32)
Hr:
1T00 0.5T2 0
0100 T 0
F p— 7G pr— 3
"~ loo1T F 0 0.57T2
0001 0o T
1000 o2 0
N(.:0, |
[0010 Wk (”[0@3 )

0w = 2, W, W BEH 5 2 RZHME A s &l
I P27, SR ZE 420 m.

HHESH R ER KA EEHEH Jh. = 100, &
B FRT, = 1075, & 3 1BRU = 5, H #5735 ] %
P,=0.99, 4 I HE 22 P, =0.99. Z% 3 ik M\ 215 4 10
IVEARAS3 AT, Y5143 AT T LI 2 (8] . faf Sk L, A%
1 BAMIT AR, FrAE HFRFIPHD A

Dy(2)=0.1x N(x;my, P,)+0.1x N(z; —my,, P,),

(33)

Hr:
my, = [250 250 0 0]T,
P, = diag{100, 100, 25, 25}.

El4FE 545 H T S0IR SRR PRS- TR
B RLA Al TERIT 55 U6 2 B AR AN T BE I TR AR
k. IEaEFFTR, BLA AT s LAl AR
BT M SR B BCSE 1 H AR AN 30 B AT 4,
7 B AR BUR A A I 1, BB Al PRI AT A 1A
X BARE B AGTHE BRI S), B— B B s
O E R B, B Al vt B AR Bl T R
FA RIIER.

5.0 . . ' '
a5t L A ]
40! I\ — i |
35 O \ A
5 3.04 LanA
o 25} .
20} AAAN
1.5f
1.0 -\‘v°<f~--’\—’.‘f‘v NIV
0.0

0 20 40 60 80 100
t/s
4 HEFEEAG

Fig. 4 The estimated number of targets

4.5

------ B it
4.0 WA

35
3.0
2.5
2.0
1.5
1.0
0.5
0.0

REMS H#74 H

AW U Y TN AR ~ LA
0 20 40 60 80 100
t/s
K5 BFEE M TRIRE

Fig. 5 The RMSE of estimated number

H T PHDJE 3 3% B MEAT B0 SR IE, 3977 3R 2%
(RMSE)JCIEX BE B A R REREA T VP S ZEit P
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HIEHPY M gE, A SCRHOSPARFERE BS R FI . — A Eh B oRkEoR.
IR TERESHT IR, OSPARE B I E RN -

d(X.2)= T i

i( 7 m 230 SRR
(g(grel}%;d(c)(m“zﬂi))lj—i—cp(n—m)))%. Eg
(34) ;

ZEOSPAFRBS 1, SR p HITE BN 4 & FR A °
fERERBEERZMN. Z£LK TS Hc = 200, 5
¥p = 2. K6 50K B E 4R, IEnEe6

TR, TR K22 50N 2, flG BRI R R 45 RN T
XET R ERER G R, 78 B AR MO AR R I 1,
PRHEIL TR 2 OSPA iR R A K, IgH M,
FEFERZBARNEORAE T AR, Fik, ek FE KX
W2 B AR N, BARSRE, AT e N
OSPAFE B EE /1N,
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5 &4 (Conclusion)
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