20124 3 A
wm3e B2M

BMAKEER(L %K) Mar. 2012

Journal of Zhengzhou University ( Engineering Science )

Vol.33 Ne.2

SIS S 1671 - 6833(2012)02 - 0001 - 04

—MFHIEEEERSHESHIENTE

E&F, & W,

IfAE, BHHK'

(LM AR FBITR25, M HM 450001; 2. MU EFB TR KRE BEp, Wi HM 450001)

A OE R ALTERFBAABABEZNET I BT AT A RBREZAMB LT 2B
FIBHLAEFOREPARNBOEHPAB AABETRAF & S0EFRUBHRRABS RAKRS
RBERHIF AEALEEARAR P SBETOSR. HAERAN SRR EH AR, EHEiA
HMAESRERMARTSBBE T OB FM, FRBH R ELGHITHA.

X@A: BTFRNFABERMBET ;58 HFHUE

A4 %S, TNOIL.7 YRR EMS: A

0 5

BEEEEAUHBENER,. ESOBERIYS
FRABGROHRITRE" D . EEENEP. &
EREREMBBEU R ERMEITHERS, Ed—
FRKITEEFEATR. YRESBRAN &
ERNMGHARENREMS ], AT LR L BERE
BEHSE 2RNTRFREBEHELEBRI
A () B B0 % R 7 i (8 7E A B A 4R o 3k R 5T 5
g0}, ZFERSHABRAME.

$7 F 38 I ( Particle Filtering: PF) ) & —Fh 38
¥k ¥ (Monte Carlo) 3k, 7EAb B IE R tEIE & S
REFSHMAITAREERRE ERARTEHER
RS EERZREMXE. HRBHEER
mESABRE,TTUIEREFSHAESHE
B—HEERE, BB HEE, RENEKS
FREEHMERACEERENEFER. E25E
PF R XA ERFAGENE OB RES
HARBRIEN TSR FEA HHEREY, K
NEEREAERLAFRUERMESHIE.

1 [EERR Y

HTFERFESANEEHRTES MR
L, EEAERGERGES IRFEERINE
B FERREEBEHRES.

HUWABGESABEENHRAMNREETAR

o}

Wi B #2011 -10 - 12; 41T H 5 :2011 -12 - 28
ELAME -BAFXARBEELIBIWHE (61172086)

doi;10.3969/j. issn. 1671 ~ 6833. 2012. 02. 001

WAL B EEN Y RTIELE,.ESH
BEFRABRALHNAUBHRS, TEWR
EAHERTRENESOBELANANE.
EKF(¥ &K /R 8 3 B ) f1 UKF ( X0k /R &
BE) F7 e M A 4 R R R A AL, 7E T R
BF, T LRSI 15 S A Bt i, RTI X F 3k
A KRS E R NS A
FAPFEEMEEBT EFENEUREH#ITES
SE BEEUEEELFETEE MM £
ERIRA PF HF MR B ARTRIEL S
REMEESBEE, BRENFRER FESH
HoE.

BRERESy, I LABEES x=1{x,
&, al R ES BRI, SH T BRBRA u,
FRAERE o, HESHEHEREHRESH
FER T AR Ky

% =f (% ,0i,) + 10 (1)

¥, =h(A(x)) +v,. (2)

RP S VRREINNNEF B0, RARE i

BEEE kR AHRES 0 HERARASH (X

BEENSHNERESE, W6 =6, ;A%

BAME R )R—ATHAHERERL 0,
REERO, FEY o HERRHE.

PR 5 R L RRE S AR
T HBERBMESEN v, = 15,7, 7@

EEMM . ELB (1965 - ), B WEENA M KESR 8L BLESF, TENKFRAE 25EL 560

BF3¢ ,E-mail ; iezywang@ zzu. edu. cn.




2 BMRKEZR(IT %K)

2012 £

HAHRAERSE 2, = {41,.6,1.
2 ETHTFRENESEHZE

MFRAZHHFESHEREE, K E S5
ESMBAMERHITTH KR OEH. £FERABFRK
FEARFESHEITR T, BHA PF H NS
BUEITTRLF X R E S REMBESERSHF
£.BARBEBRESHBHIRENHE.

2.1 WFRERE

PFERTEMEARESEER RN R
RZEEBELORBERAMNANRSERSH
Pz ly ) PHIBRE EBEARS 7,0, RIE
PREERD M, ERSBEEASRANEZH. &
HREEEN p(z, ly,) PR AN T, H il
FIA—NMETHENCHSI A, MEETHEHR
q(z 4 1y,) R XERENER

“iocP(Z:;kIY§:h)

a(214171.) )
BREEREEBE ARG R
PCzlyiy) zé‘,}wic‘i(x,:k "-:,k)- (4)
BRTE R RET LU # R
q(zuk |7m) =q(z1,h-| IIYl,h-l)q(zk Iyl;k,zl;k—l)’ (5)
BER EEHAE A RR A
N P(Yklz:)P(zilz;-l)
e (6)

-t (2 1y 145214-0)
YRBRESEBERE p(2, 12, ) NEEHRR
e, A (3) ~(6) EEMEMNEMLE N
w,=w,_p(y,lz,_,). (7)
ESERAMNOERT . BEAMA p(2,12,,)
R Bk 32 B B OB F FR AR F RO E 3, BD
p(zdz,_) =p(6,10,_,)p(%,16,_, %,_,).
(8)
2.2 BREBFRUBER
B TR BB TIEN R S A T & B
EEHRMSHEE FEEENRE, SBSHER T
BAL, T B W S A T 068 BE , T = a0 e B 1
B EZREMBISBOR 18 1k i % (5] .
MNFEMNESHEMET . BABRRSHEERS
ﬁp(aklab—l 970,k) B LU ) . West R E T H
BN EEMEHEAR TR R BREL-1
2. BERTREEUNESFN 6, Mo, , N
LT %3 BUE B4 75 B RO ERGE L

. . N . .
p(o;x‘o;;—l!yl;k)ziglw;;-lk;;-l(a)' (9)

iq:i"i-l( ) =«x(- |:9i-n0'§.k-1)%ﬁlf§ﬁ

0 FEN ok, BN B AT
BRI AR ERB M, AREERR
K, RERRBEQORE N RERENE EER
ARENEI S BR FHARREES. b F
BRLEFEAHENNTHES, SHF4ES
BRTF o, FE(1+h) o’ RERKTF oA Kb h %
FHREH,BEHEBRA=0.1. WEEXEE, X
BR[O 1R A48 7 iR ARE A5 B O e s, D .

6. =ab_,+(1-a)d,,; (10
N
U:.k-l =K Z (8-t - 0:.) @,y (11)
i=1
N
itq:':ék-. = Z 02_1‘0;;-1 ;%/—_—]:\.k -1 WZ’J%&E‘JW
i=1

BEfEe = V1 -1 .
%Wp(ohloh-l,%,k)migﬁ\ﬁi—'ﬁ kE-1mt
ZIRFE— B, NT B 2 80 TR 4L, RIE 15 B 5%
B,
2.3 ETHFRENGEENSH
Eid FEERTUE S - FRESH RO
BESHBRE, FAEZ L BRBEBEREBITES
Bk 115 B B R R B R A A% Ay DU 3% o A
B A% SR, AT 4R 18 5 JORL T 0 R AR RO s 31
B HEB 1. 72 BBl b AT R P A R B AT R
ENRENTFE BAXBEBESHIE.
Bhk=1, ML) MQ2)WIERER
G AHKRANSENESITEEE . SROTF .
BB IR AR p(x,,60,) FHB T
xy,0,,i=1,- N.
$H|2 SPEHREZEFH R(10) .(11)EB £
-1 HASHNFHENBEMTE B RK(2)
BEHREBF.
PRI NEEH:BEX(DHES M FHE
EHENE,FR—L:

o, =w2/2w’,;. (12)
SW4 ERE HWREEHRERDORT, K
HAERKMR T, BEBORER T
HWS HH kB ASHMAHED, = T 0o} RS
i3tz = 3 mlal.
SW6 k<MBt,k=k+1, BT 2;k=>M &,
ERER.

3 (iRMESSH
Wan 1 Nelson ZEH X # [3] 8 E A



%2

ELB .. —RFNEREERFES BT 3

DEKF(NER/FRERE) FELERBEES, H
FREITERBARERRERS H B HEBKE
S ERFSLBEOEMEZE . 4R RS
MBS, R TRIERENARYE, EEBEAXE R
5ZXMEEHTT R, NAKBESESH#T
AERE.
3.1 fFAER
BRNHE y HUTERUERZERESMH
BRI,
2, =1 +5in[0.047(k-1)] +6's,_, +w,;
x;=1+5sin[0.047(k-1)] +6s2_, +w’;
y,=1.4(x,)% +0.2(x3)? +,.
A :w, BA y 27 w, ~£(3,2) 50, ~N(0,1).
®o~[0,1]1,H6,6 HELESHNO0.5M
0.3. EFE P, 4 HI{# A PF 1 DEKF ¥ X% &
GHTESHE. ERFREFESR ,ZBNFN
=500. AT BEERERNT, EXLERAR
MERERERZER

M
RMSE =| —;—2 (i —x)* 1T, (13)
k=1

3.2 FRGERRSH

B1AHMMARERET 20 KEFRELR
KROSHM T FHME, X B E MBI EE k=
2 000.

1-DEKFILE
0.9 2-X XM

0 400 800 1200 1600 2000
MRSk
0.7 (@) o' W

1-DEKFI ¥
2- XXMk

0200 800 1200 1600 2000
ME$k
(b) 67 LR

H1 R&SM6 .0 MR

Fig.1 The convergence of the parameters ¢' ¢’

HGRR\ FHAXBEELBINERES MG
HEW R FIEWE 0.5 f 0.3, 7 DEKF ® %6
RASHIE0.6 0.2 ML L T#sh, Tkl s
RAARXHEFIERES M TR AESD
’H.

B2AEBBESHEESHITEMLE,
B E WL B B 8] & = 100.

~3
—_

of RE KX
sl'
4.
HE
~ 2}
o
=3 ob
—I-
_2-
-30 10 20 30 40 30 €0 70 80 90 100
B 8] 3k
(a) R&Ex
5r o REC KW
§ - DEKFIEE
af § — ks
3} ‘ :
W2
@ |
£
0

=30 10 20 30 40 50 60 70 80 90 100
B [H] 36k
(b) REx?

2 X EHASHEEYER
Fig.2 Comparation of true state and estimation

values of x',x*

(FHZER%EW, 5 DEKF B, £ERE
MEEREFMSELREHEYE, REELXE
ERAIMSBRERES.

ATHIBERERMT,. R146HEd
100 X Monte Carlo {f E LR, MR A LR HH
FREREPRE1IASH I URRE2 ASHK
2 ) RMSE ¥ 1H.

21 FHNEZFENRES . B 0.0 HER
R
Tab.1 The mean square error of state x', x* and
parameter §',8” produced by two algorithms

et DEKF ® % EXEE
RE 0.777 460 0.026 499
% ¢ 0.037 141 0.010 535
RE 0. 864 330 0.035 526
P 1.4a 0.039 501 0. 006 086

MEEERATLIE S, R XHEKITHRE



4 BMKEER(T%E) 2012 4

BT DEKF By, A LB EEERERHD ter methods in kalman filtering and neural networks

ABHEFREEREMSE. [M]. New York :John Wiley and Sons Inc,2001:123
-173.

4 & [4] DOUCET A, FREITAS J F G, GORDON N J. Se-

quential Monte Carlo Methods in Practice [ M]. New
York: Springer ,2001.202 - 206.
[5] OLSSON J, RYDEN T. Rao-Blackwellization of parti-

cle markov chain monte carlo methods using forward

ATHEZHEERFREATRERFS S
BE2ERH T -FHETHEFEEAIEIE,IH
R PR 5 R U 5 7 9 4 T 9 WA 48 B R R S B

R ESHEMER. TRRA, Z B REELE filtering backward sampling [ J]. IEEE Transactions,
RETHARNLARRGESHIE, P ERE 2011,59( 10) :4606 - 4619.
Bl &t 39 % F DEKF J7i%. (6] E2B.BEM —HEFRTREOFERERE
SHHMRBHRAMHIHTHE (J]. BMREER:T
BEW: 245 ,2010,31(2) 92 - 96.
[1] COWELL D M J, FREEAR S. Separation of overlap- 7] DR HWR BER. —MENETHTERH
ping linear frequency modulated (LFM) signals using OFDM B 28 fR A4 Tt 7 ik [J]. MM K FEEH . T#¥
the fractional fourier transform [J]. IEEE Transac- Hi,2011,32(2) :84 - 87.
tions, 2010,57(10) ;2324 - 2333, (8] X, =@ —HENERREFSHISBAE
[2] NAMGOOK C, KUOC C J. Sparse music representa- (1], FEBFEHEARKFEEH,2008,30(8):1129 -
1134.

tion with source specific dictionaries and its application
to signal separation [ J]. IEEE Transactions, 2011,19 [9] WEST M. Approximating posterior distribution by mix-
(2) :326 - 337. tures [ J]. Journal of Royal Statistical Society,1993,55

[3] WANE A, NELSON A T . Dual extended kalman fil- (2):409 - 422.

A Novel Separation Method for Nonlinear Non-Gaussian Signal

WANG Zhong-yong', LI Xiang', WANG Xing-ye', DUAN Lin-lin"*

(1. School of Information Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Institute of Science, Information

and Engineering University, Zhengzhou 450001, China)

Abstract; In this paper, a novel separation method for nonlinear non-Gaussian signal is proposed. According
to the state space model, the issue of separation was changed into the joint estimation of the parameter and
state of the signal. In order to solve the problem of multi-signal separation for nonlinear systems, the algorithm
uses particle filter method, combined the kernel smoothing contraction technique. The simulation results show
that, in nonlinear system, compared with DEKF algorithm, the proposed method can solve the problem of
multi-signal separation effectively.

Key words: particle filtering; nonlinear non-Gaussian signal; signal separation; kernel smoothing contraction



