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A Three-Dimensional Parameter Estimation Method
of Near Field Sources Based on Second Statistics

Wang Bo
(College of Communication Engineering, Jilin University, Changchun 130025, China)

Wang Shu-xun

Abstract In this paper, the problem of the frequency, bearing and range estimate in near field is considered. Only using
second statistics and corresponding pairing program, the proposed algorithm can estimate parameters. The method does not
need spectral peak searching, and can avoid using fourth-order cumulant, reduce calculating burden. The effectiveness of

the method is demonstrated through some simulation examples.

Vol.28No.1
Jan. 2006

Key words Near field Source localization, Second statistics, Frequency estimate, Bearing estimate, Range estimate

1 5]

jillf3

Wl B - Ak B e 8 2 A R ) o7 1) A AT Iz
PO 2 . fldn. His. A, ok, RICH
TG HERAY) B 22 N0 7R 2% vh IR A DS UR B 2 F 4 3 =A%
SRR R A0 e e e T (ST ) 58 7 4 o 42 A W 2
FIREIER Ay, A ) B 43 28 35058 5 A, IS U il ik o) Fite 3
YSTERL o PWEETT AL T [ g e ff 2 AL AE R 1 S LA )3z 37 X
WSS S B A1 I 8 bR Y 4 0t T i 26 ] A
vy BUBCRAR VST, AT B — s L S8 —— 7
P (e e ) RRAE . 5 VR EE B RE SRR , BT (1 [
ARG ZWEATE, I MR BN T, AT
AN 38 A 23— B R 1) £ 1 2 ek o e
TR M@ JEARTRIER, 774 T 0 8 67 v

R RSB SR TFIA g, IR
FHERI I, T BRI W . SIS R G,
MESIRAL RGNS, SURIRK, (IR WAL ). 5
T3 (R EE T A TEAR G 3375 58 57 1 2 500 T 1) SAR o
ko ARk, eI TAE S AL BARIIN G, B
G TFUG T TR E A i ST . SwindlehurstZE R

2004-06-29 W El, 2004-11-06 5[]

A AR A4 AT I EAG VR A IR S, Bl T TR AR
760 SCBR[BIHR H T 137 5 A P (1 —4EMUSIC /572, (A7 203
WA 22, [ I RS A RAR . SCHR 2] 00008 1 % 424 R
(path-following) J7 V&K — 4EMUSIC 7 5646 2 A FF-47 10—
YRR, W TR, Lee SR RILIT T
BIE, @i o e REEs e R AR, SRR T
SRR TSR R o SCHRIS TR PR 5 1 B T -5 i T
REERIG B BARERE, 42 T RESPRITEE, VLT
Wi %R . Abed-Meraim 5V U A F B4 47 4 ) B 4E it
BB M E PR STl T SR
TOAL K T 7y 1) A A MR ARA 322 37 o L, 8% i R ek
DUFAS U H AR R PR B B R 7 1) 8 o SCHR713E— 20 Mo R —
Gurl s, $RH T Z4ER IR SHUS TR, IR T
AR USRI . 7 B AR 45 3 NS H. SCERI8T P 2 1
WIHIEBNE(FFA), BARIFRINGE H Tl My, e ae
TSI IR I T7 AR, ARSI RS . CekliZsPHR
HH IR B AR, 2R BAT R R A RS B, RS iR

IR AT I 5 A T3 1 AR AR T BB AN R R gk

PER BRI . BRI, SCHR[1015T 05 5 BB AR I I O



46 R

S o528 4

) € TR SN A SR V1) S N e AP el
PSR EIDUBY RARAE RS, FERAG T 248 AR T
— AT i SR R B BB RS A
PREAG T 5E . AT7 R () R R, TS AT 3 U5
eS8

ATCAEH; 2 WIS 7 R IR A B A R . 5 3 1u
PN ST TR 70T 55 4 RO TSR UE ] T 5
AT

2 EipfESHEE

B 1 AT A LT M AN Bl L
RHIT HE A B 11 L= 2P+ 14 A R S840
ULA B8 F, e MIIEE  d . BRI
WL 2% 2, 35 m AN U0 7 160 f6 LB 35 2 40T 60
(6,7,) « ST SRRB RSS2 m M BT RN
5 (1) (a5 m AME BB , W 1A e
BRI 5 T FE

M
x(6)=D.b,8, (t)e/* e/ 4y (t), —P<I<P (1)
m=1

Horr b, ARSI S m AMEV IR, A SRR
by =10 my(£) W3 1AL RES I IPERT T A 55 7, H 5 m
MEWRAES o0 (FIAL S 2% 1) MG 1A FE oo 2 18 i AR AL
%jej:

2 72 :
. 2, [\/Hl & _2dsind, _1] o
ﬂl’n }’n’l r’n

Forb 4, ARSI . M Fresnel I, A5 00

27d . d?
Tim zis1n9ml+ i cosz(é’m)l2
=w,l+@,0°
Hrp
2rd . zd® 2
= sin@ S = cos“ (@
m ﬂ«m m ¢m mrm ( m)
A FmAEUE
6m s ml

-9-@
o2

>
d |

Bl 1 g A e
2 G RAS (1), T

M
X ()= s, (1) e L (1), —P<I<P  (4)
m=1

(@) HEE BN
X=AS+N (5)
Horp
X :[M(f),xfm(t),---,x,,(t)f
A= [”(91”3)’a(92arz),"',a(ﬁM,rM )]
S = [sl (1)’ s, (1) s, (,)e./zzsztT

N =[”—P(¢)’”—P+1 (t)""’”P(t)]T

AJE LM S0, 355 m AR a(0,0r,) /1

. +,2¢ T
JPWin TP

S IR

IR 1 U, () MBI, AT AL A2,
(SRR Fy AR, B 250 # 0 f % £,,6,# 0, «
BRI b A AL L, 4 s (e +1) =5 () «

BRI 2 I LR 7 (1) S ML R 1
R, ISR, KN ol

I 3 PRA I 2 R d < 4, /4, 3o 4,
M AU R e KR O (3 B KK

3 BTGt EM=4SKEit A%

O R S ) B e B, SRR TR e
A7 KA 0% SRR At % . 7 o A
eSS
3.0 TN R R M

o X e R

def

ra,b(l)<:>E(xa,+b (t)x,* (t))

m=1 q=1
+0°8((a—1)1+b)

i . ej[(a—l)Hb] o +j[(a2 1) +2abl+b2:|¢m
+0°5((a—1)1+b) (©6)
Horr NS m MEWRIARREL. al +b A1 AR 1
5, Ha=1,b=1, L3N

M ) .
rl,l (l) = Z”sm e.l(u’,,,-*—ﬂn)ez_mm] (7)

m=1
IR, RO LA PR RO, B s(c+1)=s() »
AL A B R A (1)



o5 134

o PR PTG R IR = 4E S B T ik 47

”1:1 ()= E(xl+l (t+ l)xl* (t))

- E[i s, (1+1) &/ 27T (41) g o (11) ey, (141)°

m=1
M 27 ft —jw,l-jg 1%
* —J2mft —jwyl=jd,
stq(t)e e
q=1

E(Sm (l + 1) X s; (t)) /¥ ej(wm +¢m)ezj¢m

: s

n

- el ej(wm ) o279l ®)

S

M=

3

WM EdE XM gitE, B X 4 A pxp HEE
R, R,, RyFIR, . L5 (k1) ICHEH

R (k1)=r,(I-k-1) )
R, (k.I)=r,(k=1) (10)
Ry(k.0)=(r, (1-k-1)) (1n)
R, (k1) = (R, (k1)) (12)
HAHE
R [B
“| R, | BQ? | .
R, | |BY 409) ()
R,| |B®”

Hh B=A(4)GQ'®, Q=diag[e’, e ], ¥ =diagle/*" ",

"'aejZEf:M ] > G:dlag[rs] 7"':"‘4 ] > @ :diag[ej(ﬁm""aejﬁw] °

Sl

JEHLA() S P 8 RERE: A(8)=[a(d).a(d )],

a(g)=[1 e e e T .

B = [ 6,2 0,(i# ) RS A() hith
BB, WHERE R VR4 SAE AR
R=USV" (14)
&N Eg NIRRT M AN SR Y 17T 5 o (2 A S R
U) AN S T2, Eg dpx M 4EMRE. 145 Eq F R
(I A ST

B
(E.) (R) B (15)
range =range =range
ge(E, g || gy
Bd™
Rk, fEE—NHERE T 3l AL
E,] [B
E, | | B®?
E,= = T (16)
E,| |BY
E,| | Bo™

E, ,E, , E, FURRHE IR BHE Eg 10 Px M Y45y AR .
A (16) 20455
E =EQ, =ET'QT, E,=EY,=EJT"VT,
E,=E®, = ET '®°T (17
o

v, =T'" T, @ =T"'QT, &,=T"'®"°T (18)

BN, @, o RS R TRE Y, 2°, 7, )
MEATHR A TCF PRI T AR 2 S 4. R
a3k (5], WA ]SRN RIS HAf . AR B
BLEMF R 7 ) A B S EAL T, AU E
FIRCRT R 2R, 1 H U s &2 5 T O 58 R A e K
S
32 EXAE
BN W1, @, Dy AERFAES A3 BRFAE 1) AR R 7350 4

T,,T,,T,. thX(18), ¥,, Q,, &, K EKRNT
AR, AT LA A — {5 95 b - 2 H00) I RRFAE 17 B R
T, T, T, KR 1 AT, AL 2 MO AT 1 i
ERIEAS. 15T, x Ty th, AT PMEIE A 1 c% (R
H (k,1) JCHR) WLEIEESHL £ 77 17 8 2406, IR R AR
JREIT, B ke ANRFE ) B CRS FORFAEAED) XS 12 T, B3 1A
RHAE ) i AR RFAEARD) o [RJ2E, WT43 T, B0 T, IR R R,
JREMSFHEAR S HOANEE B SRR BN AR, T M5 IR
BB J5 ) AR IR S R . AT VRS SR 1Y
SRR TR BEC,, E,, H A MAY, @, &7 1
W iNRAICE, b PR A R BIE RN S5
A:angle(Cl.) 0 - 1[—angle(Ei)/1i] kzZﬂdzcosza
! 2z drd © " Jangle(H,)

4 fAERE

TE R BB, ANl 16 AME AR
ULA B, fEIESR BN d =min(4,/4),k =12, M . 1%
JERAS EAEAE RN PE e 75 Ay 07 e 7 AN A T AR A A
W AR 5 5,5, IS H05 0k L R f, =2MHz
fo=5MHz, #9E¥N 25kHz s FIn M 6,=38, 6,=20°;
PR =134, r,=0.654, . XM N, X Monte-Carlo {3
B, BT ZE N

N,

1 . 2
v 2(p-p)

ror=l1

RMSE =

i p B p KA.
FESEW 1| P ELE A 3dB, RFEA % 256
A ARG E] 1024 1, BFFPRAE S ZUEAE 100 ¥ Monte-Carlo



48 W

e

H

DSEH . SEIERANIE 24 3 F 4 PR

HiE 2, &3 MIE 4 aTLUEH, (Rs, s, FERFERER
ADRITEOLR, BRI SRR REIERA S R L 7 1) A AR
BSH WIS R TR RE B, (S s, B RILT
i s, (FE: P 4 PRI ARZE R AL A 53 5% R A Y

I BB o
0.07 24 ==
_ -~ Jilfil
Z 005 > Ll E
% a]ﬁ
0.03 12
2 -
0.01 0.8 M
0.4 L—
200 400 600 800 1000 200 400 600 800 1000
AL R KA AN
B2 CREE R B B3 SRFERRALIN T A1
BihiRz BihiRz
1.5
=1
m
s
205

0
200 400 600 800 1000
RAERIA KL

Bl 4 RFE AN 25 10 3 75 fid it

FEXW 2 P IER L H-10dB Z{6H] 25dB, K
FERUECH 1024 51, SRS LA 100 7k Monte-Carlo X S55
SEG R 5, & 6 FEL T PiR.

HIE S~B 7 WTRAEH, (R s, s, 745 M LLAUR M1
DU, S PSSR B IE A 20 FE AR L T Il I FEE B S 40
W ECSERS 1 —FF, fERE S SHUATHERE b, (506 s, 220
BT s, G B 7 30 MR ZE B N 53 T S
AME VRIS H ).

MRS SR R, AEXTEE B SR b, R
IR UL AR VR s, BEOm T IH B AL R B AR V8 s, o AT 7
) f AOAG THPERE b, PIAME TR PR RRARIT, 3X 5 SCERITT]0)
9§ ESPRIT MPERE S BT 45 RAH— 5. 7ERT BB AL T
e L, PR AR AT M5 U s, B0 T PR B AR A RO A
Ws, o

03 R 9 -~ Jilifiil
/I,;; : —* KD ~7 = JyI 2
202 o5
m b=
[22] [ 3
2 0.1 )

1

0 * L

-10 0 10 20 -10 0 10 20

5L (dB) 5L (dB)

K5 fEn AR AR 1) Kl 6 st LLAR LRI 75 ) £ 11

FER TR R FERITTRR R %S

B % %28 %
7 —
- EI"EE‘,_I
55 > FRED2
m
w2
>3
24
1
—10 o 10 20
&ML (dB)

BT (3 s I B 5 1 7 R 22
5 HRiE

AT TPl 10 = 4E S HUB A Al Ui, RERIIN Al
TR BGBOIE . T A A i HIC g
R, HUARET IR RRE =S R0k a L, 3=
AR B9 S T o T B A R R ) ST AR B A R A 7
WA S8, % T N R R A R I A
ko 47 FCETRAR WA ST A AR 1 L 5D KR A s R
DT, AR BAT RAFIOA TR .

5% XM
[1]  Swindlehurst A L, Kailath T. Passive direction-of-arrival and
range estimation for near-field sources. IEEE Spectrum

Estimation and Modeling. Workshop, Minneapolis, MN USA,
1988: 123 — 128.

Starer D, Nehorai A. Passive localization of near-field sources by
path following. /EEE Trans. on SP, 1994, 42(3): 677 — 680.
Huang Y D, Barkat M. Near-field multiple source localization by
passive sensor array. [EEE Trans. on Antennas and Propagation,
1991, 39(7): 968 — 975.

Lee JH, Lee C M, Lee K K. A modified path-following algorithm
using a known algebraic path. IEEE Trans. on SP, 1999, 47 (5):
1407 — 1409.

Challa R N, Shamsunder S. High-order subspace-based
algorithms for passive localization of near-field sources. 29"
Asilomar Conference, Pacific Grove, CA, USA , November.,
1995: 777 — 781.

Abed-Meraim K, Hua Y, Belouchrani A. Second-order near-field
source localization : algorithm and performance analysis.
Proceedings of Asilomar Conference, Pacific Grove, CA, USA,
1996: 723 — 727.

Abred-Meraim K, Hua Y. 3-D near field source localization using

second order statistics. Conference Record of the Thirty-First

Asilomar Conference on Signals, Systems & Computers, Pacific



3 MR T

Brgevt- m RE IR = e S ik 49

(8]

(9]

[10]

[11]

Grove, CA, USA, 1997: 1307 — 1311.

Lee Ju-Hong, Tung C-H. Estimating the bearing of near-field
cyclostationary signals. [EEE Trans on SP, 2002, 50(1):
110 - 118.

Cekli E, Cirpan H A. Unconditional maximum likelihood

approach for localization of near-Field sources: algorithm and
performance analysis. AEU of Electronisc and Communications,
2003, 57(1): 9 —

WRadtie, sRUTE. — R ML =g S H0B A TSk W
5 ARG FR, 2003, 8(5): 1 — 4

Yuen N, Friedlander B. Performance analysis of higher order

ESPRIT for localization of near-field sources. IEEE Trans on SP,
1998, 46(3): 709 — 719.

T W,1975 4, AR, WO R BESIE S AR B IR
SrHTEE.

FHRh: Y, 1946 4R, B, WA SR, BERTT A s gt
EAEHCTAE T AR R AR LN (55 A
BEA QA VA LI A IR RG]

HON . H T SUE SR ST R AR IS S S A
HN s SR AR MR e . B il
RGN B 7 SR B 515 450 A 2 AU N
H; £33 CDMA = P 4nfi5 W5 2 iic 25 17 1. 2 i
FEE3H, KRB 100 K.



	A Three-Dimensional Parameter Estimation Method 
	 of Near Field Sources Based on Second Statistics 

