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Abstract: Mixed source localization plays an important role in passive radars. Aiming at the problem of low
accuracy via phase difference method under a uniform circular array, this paper proposes a matrix differencing
method for mixed far-field and near-field source localization. First, a two-dimensional MUltiple SIgnal
Classification (MUSIC) method was utilized to estimate the azimuth and elevation angles of far-field sources.
Thereafter, the covariance matrix difference method was exploited to extract the difference matrix of near-field
sources. The azimuth and elevation angles of the far-field sources were estimated using the Estimation of Signal
Parameters via Rotational Invariance Techniques-like (ESPRIT-like) method. Furthermore, the distance of the
near-field sources was obtained by the one-dimensional MUSIC method. Finally, simulations were performed to
verify the performance of the proposed algorithm. The proposed algorithm could effectively identify the mixed
source when the two-dimensional Direction-Of-Arrival (DOA) of the far-field and near-field sources were the
same. Moreover, the proposed algorithm could improve the accuracy of the mixed source parameter estimation.

Results show that when the signal-to-noise ratio was set to 20 dB, the 2-D DOA estimation error of the near-
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field source was approximately 0.01°, and the distance error of the near-field source was approximately 0.1 m.

Key words: Mixed source localization; Matrix differencing; Uniform circular array; Parameter estimation;

Estimation of Signal Parameters via Rotational Invariance Techniques like (ESPRIT-like); MUltiple SIgnal

Classification (MUSIC)
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Fig. 1 The geometric model of mixed sources



31

X PR BT ZE T AL IR &R e Tk 435

K
T (n) = Z sp(n)emm
k=1

Ki+K>

+ Z sp(n)emm=i€m Lo (n) - (5)
k=K1+1

Hod o e = 2R/ G+ Eom = (RR?/Ary)
(1-¢) -
3 EiEmA

FE IS BB TR IR 3 078 32 V6 U B0 A8 £
Fml b, A E A H2-D MUSIC /7 %Al it i
IR T AL AR AR, SEBLE IR e s BeE A
FA W 7 ZE R B 22 43 5 iR R B T 378 22 A JE B,
T 368 3 Gk 2R e AR A THE 5 S HUT R E
T 3R B0 77 AL AR s B JE R 1-D MUSIC
FEAG T IR B, SEBLE AR e AL
3.1 WiHFE_HEDOASE AT

B o A BE NIR AR T Z M E R LUK
X (6)it5H

1
E= NXXH (6)

He, X =[z(1)2(2) - o(N)EKFSM x NFERIR
GIRBNEIRE . 2(n) = [21(n) 22(n) - 20 (n)]" &
ANELMNMAEESCEE, (OPRRILIEIRRE, NI
G, (VTR BB
SR AR 1 W J7 22 46 B B AT RRAEAE 2 A5 21
E=UxU!+U,x,U! (7)
Hr, X e CEHRIXRHR)RIRK, + Ky N KFF
HEAB L BRI R, 30, € COM— K= Ko)x(M— Ko — )
FRM — Ky — Ko™ INRHIEE LRI F AR, U, €
CM>BHRK)FRIRK + Ko N RFFEAE X BL IR RAE )
BHRINRAEGES 720, U,eCMM-Ki-Ks)
FIRM — Ky — Ko /N/INFRAEE T B [ RFAE ) 2 2H
(TR A R 75 -5 ]
FIFI3-D MUSIC /51245 2I7E A5 i 2 ) 1 ek 450

1
U’EF (¢a 07 T) UnUrI;IaNF (¢a 0, T) <8)

H o, ane(e,0,7)=laxr1(6,0,7) anr2(¢,0,7) -
axv,m (¢, 0, )| T NIIRRI R IRE,  axp,m (¢,0,7) =
SR/ NG (8.0)=i(vR/Ar) (1=CL(80) |y —1 9 ... M,
TRAVR A AW KAV (0,0, )2 HILKANEAE, H
KN AE F B B Al 7 — 0o, RARK N E IR
Ko/ VA1 1 BB 85 4 e € [0.62(4R2/A)0'5,8R2/A},
FoRK A . H, Z350E —4EDOAR) % [A]
i pR AT LB 2-D MUSIC 5745 2

V(,0,r) =

1
all; (9,6, 00) UyUlaxr (4,0, 00) )
HA, anr(¢, 0, 00) = [axr.1(¢, 0, 00) anr 2(4,0,00) - -
axr v (¢, 0, 00)| TR~ FE BS T0 55 e 15 i~ 3 37 Y5
FRE, WEpEFmRE, W e, (¢, 0,00)
= @R/ (60) iy =1,2,..- M. REEHHAA
FHAD A SE —4EDOA . Xz U6 75 A A AT £A
()25 [A) 1 R B Vier (¢, 0) AT T UGS 28, WA P X
(A7 B B g aze 37 U8 19 77 67 A8 Ak T HAE AR AT A A T
{5, T3 kA 3T 3 U8 1 RE L 45 5 (ks O, 00),
k1,2, K,

3.2 RERMWHEEREN

RE T Z 5 BV RSN
E =Eyr + Exy + 0’1y

=AppITrr Al + Axp I ANy + 021y (10)
Hordr, Hpp € CEE TR 7 Y5 D) 28 4 1810 % £
FEFE, ITne € CE2X KRR 1T 75 D) 28 20 1 1 %) £
TR, o?FIRMEFEINRE, Iy RIRM x MYERBAL
FEFE, App Rz U 1) 5 m) H R
App = |apr(¢1,601) app(d2,02) -

Vrr (¢,0) =

arr (9K, 0k, )]
()
TR EA ORI gE, 2
Cmtmy2 = Pm + T M pinrj2 = —Cm s e, mi
TREF KRR PLRIR N
aFF(ng’gk) :[ejnk,l 2 ..

M2

eiﬁk,M/z

e ik gTink2 L. oIk M2 ]T (12)

M2
[, Ane RIS ) S A
Axr =[axr(¢1,01,71) axe (@2, 02,72) - -
axr(¢r,, 0K,,TK,)] (13)
Horr, I Ia 3 m R E A PLRIR N
axv (Pk, Ok, k)

:[eiﬁk,l—.iﬁk,l eiﬁka-j&,z eink,M/z—jfk,Mm

M2

e Mk 1=k 1 =ik 2=i€k2 L. oI, M 27k, M2 ]T

M/2
(14)

BTz IS R E T Em A TR Hm+
M /24 e BAA BRI, P g s i i 5 22
FEE Bpp ] ARIR N
Elp = JEppJ (15)
Horbr, WRHAR R T AT LLROR A



436 H oL ¥ W ERNE:

_ | Omyz Iy FEFE Exp qie 7] LAEE AR
J = Ins Oy (16) .
Exr it =J ExrdJ — Exp
Ot 2 FU g 053 BINM /2 x M /2 4 1) 25 [ A =J Anp e AL T — Al I (AY)”

BT RERE
1 30(10) F1ZK(15) AT AHESE 75 72 70 45 FE

Exy it = JEJ — E* = JExpJ — Egp (17)

B T35 5 U5 0 J7 22 56 B Exp aiee & Hermitian s 3
B, Wi EY, pn = Blp g HIG, LU 2% Horr, Ui o FERE IR T 1) R AT DLR R N

Anr,aitt =[Jaxe(¢1,01,71) Jaxe(¢2,02,72) -+ Jaxe (K, 0k, TK,)

* 1T
=[JAxv  AXg [ g }
- [J Anr A"
= Anp aitt TIxe ANp i (18)

K>
aItIF((Zsh Hla 7‘1) altTF(d)Qa 027 TQ) e aItIF(Qusa 0K2, 7‘K2)] (19)
K>
Hrp, BN FRRENLERN

Jaxy(or, Or, ) = [efjnk,lfjik,l e M2 =k | oIk M2 =ik M2 oI IR k2082 L Gl M2 =€k M2 ]T (20)

M/2 M/2

Fk+ KA RAREWLIERA

altlF((bk O Tk) — [e—mk,1+Jfk,1 e M2 k2 L oIk M2k M2 o1 TSR oIk 2 IR L ik, M2 Ik, M2 ]T (21)

M/2 M2

W T Anp e O RS TR EOTES 10 5 55k + K SR EOBER 18 0 AR AL, 258 P Sm AN T 3R 4R 200
$28 7 HEm + M /2 TUER RO 28 MR, A AT BAAS 2

J ANy gitr = [D(¢1,01)Jaxe(é1,01,71) D(¢2,02)Jaxe(d2,02,72) -+ D(dK,,0k,)Janr(PK,, 0k, TK,)

Ko
D(¢1,601)aip(01,01,m1) D(¢2,02)axp(d2,02,72) -+ D(¢k,,0k,)axr (0., 0K, TK,)]  (22)
K>
HA, D(or, 00)FKRN KL IR AE 5 T 2500, U,eCM*X(M=2K2) 7% M-
D(¢k79k) =diag [eJQWk,l 2k L o2k, 02 2K2/|\/J\¢%1EE'TEX‘T&E(J€|%£Eﬁigﬂ)&ﬂgﬁiﬁﬁuﬁéﬁg
7 FA] .
- - - FAE— N FRAE B G S
—JNk,1 o7)4Nk,2 .. o )4k, M /2 23
N ¢ ¢ NC Unvr dgitt,s = Anp,aittG (25)
M2

i 20 (22) =l (19) AT PATS 3
D65, 0) AL 5 B TE I — A DOA S 2, R22MA(9)RTEM
ST LU D (6, 00 ) 5305 370U = 4 fr B S K 443 JUNr aitts = (¢, 0)Unr aites

W —HEDO AR T FIZE BI B MU i, AEO5 4 B4 = JowanG =¥, 6 A aa = I Bl E
IR E R
3.3 JEHR_HEDOASHEEI i

X AN AL 5 3 3% Y5 22 43 B B e JEAT R AR AR 2, =[(D(¢1,61) — ¥(9,0))J axp(¢1,61,71)
i (D(¢2,02) — ¥ (¢,0)) Jane(¢p2,02,72) -

Exr aitt =UNr ditt,s INF dite,sUNE it s (D@1, Orce) = (6,0) JaNF(QSKz’HKz’”a)?})

H
+ U dift,0 2NF ditt n UNF diff 0 (24) 25 =[(D(61,01) — B(6,0)) @l (61, 01,71)

Hr, Znpaims € CH R RIR2K A KR (E 24 (D (2, 02) — (,0)) aly (o, 02,72) -+
BRI FAFE RS, Dnp aitrn € COM—2K2)x(M=2K2) R 71 (D(¢K,,0r,) — ¥(9,0)) alp (9K, 0K, Tk, )]
M — 2K /INRe AEAE 2H 18 1R 6 B Unraires € (28)

CM*2Ka 3 TR Ko A KA AIE B 68 187 965 A 1) B8 4 % = D (¢, ) = C(0,0) B JUxp ars — ¥(6,0)



31

X PR BT ZE T AL IR &R e Tk 437

Uxrairs =00 B, 7 L@ o (WESPRIT-
like 77 V145 2T 795 — AEDO A 2% [H] 1% bR 25
1
(QUJIUNy aifr,s — QU (¢, 0)Un difrs)
(29)
Horr, det () RRATHNAMME, QWM x 2K 4EKE
BUB AR I, T3, 2715 8 78 HOM x M 4 Jie e A2 4k
e, X AR (6,0) 8
(¢, 0) = diag([?(#0) ¢212(0:0) . oi2101/2(9,0)
M/2
e~12m(,0) o—i2n2(8,0) . .

Wnr (¢,0) = dot

e*j277M/2 (¢,0) ])

M/2
(30)

diag ()R MR A RRE S . X
IR 5 L A8 RO AT A F 2 TB) % bR A Vacr (o, 0)HEAT 1S
U 2R, WA AEL FITSX IE o7 BB B A 3 YR ) 5 S £ Al
THE G AN A Al B O, k= 1,2, -, Koo
3.4 TIFHREES T

TEAR TF H 3 37 35 19 77 5 A RO A AR ) 2t I
I 1-D MUSIC /5 ¥E15 228 kAN 3% 5 1) R 25 25 1)
R

Gr(dn, O, 1) =

1

anr (élw O, Tk) U.Ulaxr (qgiw ékﬂ“k)

H, UNBAEYS T 206, axe(dr, 0, i) %
I 5B e AN 3738 (K1 75 £ A VB g R0 A0 £ i 11
O RN S A R B WA LT 37 U5 16 R B8 2
)42 B8 30 Gine (B, O, o) BEAT BR300, VAR 3
B A B8 kAN 3 37 5 AB T B A A0 1 BE S A A
Fros DU SRR AT 35 IR 10 58 145 R N (dn, O, 71), k=
1,2, , Koo
4 FHESW
4.1 HEEFESH

b 3 B N 1 NS BT o7 B e A £ 2 1 O S D)
MUSIC 5 38 idth = 2 1 0 48 2= Al v H i 34 YR 07 A
A DA RIEE B, RSO Jail it sl M ESPRIT-
like 7 V453 B SR K —#EDOA %S 0], FIFH 4k
T VA 2R A T H U S YR 0 U7 O ARV AT £, R R
FH1-D MUSICJ5 %45 23T 37 5 1 B 85 = (a3, )
F— i 048 2 A IR EE B . AR A
TEFEM2NRIEMM2(N — 1)L 5R A
VR ZE A B, M2 N R IFVE RIM2 R E T
HOESIRZE YRR, TEOM?) B H R 3 E
3 S TR A YR in 7 2 B DA B 3R 22 43 FE MR kAT

(31)

B IR, T BEOM?)EH R HE R ERRIT
IR —4EDOAT M, FEAK,M? + 8K3M IR
. (4K M + 8K3) (M — 1) N FAK IR 8515
IR —4EDOAZ H, FEOM)EHIITHE
529 FEAS B3 7y YRR 55 23 A1
4.2 BEFREESFERMES

T A ST W9 5 iR S U T B 2 A
BRIR-A VR R I8 S YRR 75 4y, kT B X i 37 U8
ZEGYRERE RN T S PR AT A I A 5278 3 A
Mk 7 G SR o AR SCER 1B FE X I 3 PR AT A
B, MR R RN TR e R, MRS
IS 1P I D7 V0 I S IR AT A ) M e R
o N T RPN TR BE B 22 S BRI n) &, mT DL
Jef MR BE AT AN, RBRIRGR T ZE R
[k oy s R SR 20 IR A IRAN TS R, i
R R L L BRI IR A IR Y 7 Z2 5 B R 38 4y
&, mAREEsE. B4R

TRA VR 7 22 56 B v] LAy N
K M-K
Ry, Ry }K
Ryy Ry | MK

Mk 7 1) e mT DA I X (33) 1TH B

. tr{RypZ}
on = tr{Z}
Hih, Z =TIy x —RaRj, Rl= (RERy) 'RY,
()RR E, tr()RRHERERE, Iy xRN
(M-K)4E AR . Rk, oM VR A IR 7 256
FERT AR TR N
R = Ryr + Rrr = R 621y (34)
BT RHEEHEE A 4,000 2

Ep)am Ane = Axr, Eagae Arr = Oyvx(k—K))
(35)

R:[ (32)

(33)

FEn] Ll = (36) TH &
Bagia, = A (AR Ay) ALR (36)
,ﬂ\: EF' ) OMX(K_Kl)%%i—\‘MX(K—Kl)éﬁé—\g%ﬁ% ’
Anp BB 1T 3 I 2 5 S5 R AN R S AR
B, RT = (RVR) 'R, A, 375 i B0
Al LARIR N
Xypp = AppSrr = (IM - EANFlApp)
- (AxrSnr + AprSrr) (37)
T 28 YR Bl 7 22 R R ] DA K (38) TH B
RFF = XFFX?F = (IM - EANFlAFF)

vR(Lw—=EAM+%T>H (38)



438 FH LA ¥ W B0
TR IR > RAVRE T SRR e
FHE
iy \i
TS K TR TR P s ] TR SRR
] FEAE (L
y 2-D MUSIC \ G
Yy KL T g
[t | [ meiosm ] AR || TN || Ak
 / ESPRIT-like
SRZ 1-D MUSIC I LR
[ mm | SRk [\ kA | [k |

2 F TP 5 ZEHERE 22 4 TR A U e AL T VA TR

Fig. 2 Flow chart of the mixed source localization based on the covariance differencing method

BERT, AT DAY AR I i 22 S 6 I 3 R
HEDOAATFAIF2 M
4.3 BERLE

T T Ol ZE 0 B 25 A BTR A VR S A T VR IR
mE2FTR, SR, AR SR
FVR SRR S BN AR 7 2/, AR
TR T 19 R 8 DA S R o A B PRV R A5 e 75
2], J@id2-D MUSIC Ty Ab i Haz 37 1 75 AL
AR A 0TIl An, AR R AR T 2
R A AR PR BT YR 2 0 JE R, I BEH LI FL
FERE X AR DL S 2 R 2 i B3RS 51
2306], Sl G RESPRIT-like /7 ¥ I 05 )
TE AR A, R IR ) S ) S AR AR
W 25 ], i 1-D MUSICT Akt I8 1)
FEES . ASCHREIS SRR R i ia 28 HR O R G
TS ILEEE, R R 20 71k
FBRIR G IRREIAIR i, AFRAIRZE AR . B
T 5 ZE R 22 53 7 VR R B 15 ()3 38 — 4
DOASHfEITEIR, Kk, PR ssutitt
RESILIZIEDOAGTHERETE G, BiE U, BRI
2 IS AT CAHEAT B3, o] L@ VR A8 7
ZERERE 22 0y T IEAS B IR 22 0 A6 R, AT IR
KBS, FHAH2-D MUSIC 7 ftitizis g
DOAZH, 74, L2 MNMREEREEMFRIZ R
N, HT USRI IR 5 m) R B e S A5 (R
IEXEE, IS IR HIW A7 . 2438
MEEEIMIT2D2 /X, T MR R ZE i, 26
RS i e 5w v/ Yyl 1 D21 TS vive 7/ B b vivs v/
P —ZEDOA SIT37IE —4EDOAFIFRS, @SR AT
WRESHZHA TP CIE R AR TR, R
FHASC T W 25 ] DL e 37 Y5 RN 3 YR A T RL
S, TEVRATRIN B

5 {AEXW

AT EEMATLABY; B IGUEFE 7 VxR A
TRH 2 LR, 47 3 Hp 2 50 [ B R BE e AN BOR S,
FARN0.5 m, LA SR B R0 oA i S A ST = 4
FR R, IREIREE —MEREMN—NERIE, &
IR IALE N (50°, 30°, o0), ILIFIRMILLE 9 (55°,
35°, 10 m).
5.1 RAREMBMM

X /N T SOE AR SCHR S A 3 1 A R
XJ 376 37 AT I VR A TR B e AL AR, TEE ML
20 dB, PAAECN600T, B3 A SCHR 7%
RER AW 2 2 A, K3 (a) NiEid2-D
MUSIC /513 2 (1 3708 — 4EDOA = A1, J7 47
A THIEE N0.1°~360°, [H]FEM0.1°, {0 A 4L
L N0°~90°, [EFG0.1°, T LLAE B —4k%s )i
HHH IR — AN AR I A6 B D (50.0°, 30.2°), EP
ISR 7 AL AR A At TE . B3 (b) ad it ekt
FIESPRIT-like /5 V415 2| T 34 Y8 —4EDO A =% [A]
W, FIREHL, 7O RIN0.1°~360°, [AIE
90.1°, AR Ak TS R 0°~90°, TEF7O0.1°, W]
DA H ol 2 R o 0P — N DR N PR B
(55.0°, 35.1°), BRI NI 348 77 A0 F AR A A Al 11
K3 (c) il it 1-D MUSIC 7 ¥: 13 B 598 — 48R
B, JE PR R S AL T 280.1~30.0 m,
[ERE 0.1 m, &2 o ) 2k % o T 37 V5 1 S B
29, AL B S TR R B — AN VX N )
FEH9.9 m, RIRESIEE ST, 28 Bl A,
ASCRT IO 7 2255 I 25 0 T VR RE s MR A JR TR R L
g &, il ot I ESPRIT-like /7 51k
R =AM E S BHE —4EDOA, A&
TR IR A 38 AL



3 XN PREE: FETRARE 22 43 0T 3 M 3 TR A VR 8 6 T ik 439
0
-20
—~ 0 —_
£ 2 2 -0
2 40 g2 60
= 60 T -8 e o
H 80 H — IR R g 2 1)
360 ~100 — LIRS
RN ETIS o 6 -120
E&%OO 00 W R 0 5 10 15 20 25 30
) i s BB ()

(a) ZEHIEDOA
(a) DOA of far-field source

(b) ILZHIEDOA
(b) DOA of near-field source

(c) TSR

(c) Distance of near-field source

Bl 3 TR AR )T

Fig. 3 Spatial spectrum of mixed sources

5.2 FEGERLETREAREMEE

AU UE TR T VEAEAN R (5 W BT xR SR
SEALTERE, IS5 TSMUSICHTVE!S AL 2 77 ik
PR s hi 3% F (Cramer-Rao Lower Bound, CRLB)
BEATXTEE, A TSMUSICs#:2 # i 2-D MUSIC
T30y A vF O IR AL S IR K —4EDOA, F
F1-D MUSICTH7 i 50 i v T 7 IR B ES  AM
3 ZE 7R A IR ST IR B X A B TR AL 22, 38
i i /N TR (A IS A v H I b PSR 3 U ) 4
DOA, #451-D MUSICT7 5} i & IR A7 A IF
i IR B 24 CRLBE S HUE R LW
TR TR o A2 F A A 2 5 iR 22 (Root
Mean Square Error, RMSE)* &% 11 fe #4753
#r, RMSER] = (39)1H5H

L
RMSE () = J %Z (/31 —~ ,3)2 (39)
=1

Hob, LRRMTERGERE, SRS BIRIIE
WS EAE TSR, 1=1,2, -, L, BERIBEVEN
HEMEZH. BRIPBON6000,, El4(a)—E4(e)
4399 R IE L 600 VR Ak 37 5 8 A LA BIAEAS [F) 45 e Lk
T35 7 A FARMSE @ 3 J5 AR A A RMSE
W3R T AL FARMSE 37 IR A RMSE DA K it
WIREERMSE, ME47 LLE H R AR FIRMSE
B 5 15 e L R KT PR A, SRR A IR S HUN TH RS
JEARWTHE R . b, BT LUE A ST T
225 R 22 53 7 VA R B U E SR FE L R T AR =
ER RN E S . BT A A S TSMUSIC %

)
°)

ST FRMSE (°

v g =

ST I RMSE (
3 5

—
o
=
o
9

5

[N
(=]
o

15

o
t
=
o

SNR (dB)

(a) STIHVE T R FHRMSE
(a) RMSE of azimuth for far-field source

~ 10

2 10°

=
o
M

TSN FHRMSE (

5

—_
o
Do
o

15

=]

SNR (dB)

(d) IEIHIEAFTFHIRMSE
(d) RMSE of elevation for near-field source

SNR (dB)

(b) PRI FHRMSE
(b) RMSE of elevation for far-field source

~ 10

cal

g

= 10

8

iz{

R 101

g

10

15 20 0 5 10 15 20
SNR (dB)

(c) IEIHIETT AL FHIRMSE
(c) RMSE of azimuth for near-field source

1o
g - R T7ik
@ -=-TSMUSIC /5%
Z 1w o MR ik
gﬂ@ -+CRLB
= 100
N
)

10

0 5 10 15 20

SNR (dB)

(e) IEHEFE HRMSE
(e) RMSE of distance for near-field source

4 AFfERBLE MR A IRRMSE
Fig. 4 RMSE of mixed sources versus SNR



440 %Ok

¥k

1035

#RRKFH2-D MUSICH EX @i AT e fr, ik
PR b 5 25 1 328 3 YR e RS FEAE 2, AR ST R etk
ESPRIT-like /7 iEX 1T 70 —4EDOA Z 5l v B2
IS T TSMUSIC HES HAG TG . b, BT
W3R BE B Ak T R AR 5 — 4EDOAfS T At
BT, METIESE —4DOAERE, K1
JREE B A THR ZE AT R, W4T HATDUE H,
FEAS L 920 ABIF, VT —4EDOAfE R %
F:10.01°, Tz B B R ZE 850 10.1 m.
5.3 ARIRAHRTREBEEMNEE

AT — IR AS [F) PR AT VA TR 1 E r
PERE, ARSCHTIRITIAFFE S TSMUSICT . AHAL
ZIEU R hi BT RAT T MER LA
20 dBHf, FE5(a)—E5(e)s 5 il 600K M 57
B EAT B [F) PR 5O 1 iz 35 U5 7 AL A
RMSE. Z&37 MM ARMSE. I35 J5 A
RMSE. 37 A0 ARMSE LA K it 37 Y5 BE 5
RMSE, ME5H A LLE H R & IERMSERE & TR
BB KRR, RUPRSHES A TR E 2l
e Ak, MEH R LUE SRR 50N T 60087,
BAPERMSEYH# N, M REGE 6000, TR
AVRRMSEZ#iF22. b, MESH LLE H AL
& H 7 VR VR A U R A FE B T AR A 22 5 VR ) 8
NKEEE R, X TmmR S G TR, ARG
JiES5TSMUSICH MY, W FiEnii s it
FERE, ASCHEH B 7 ERSAK T TSMUSIC T 6

5.4 REIREEERMILL

H T A SCAT B IR W 25 0@ i P 7 22 R 2 o %
Wi VR A U PRz I USRI 75 A, T B A R
FESTHERE, RO I S VR AT il v I AN 2 A 7 YA
W e ARSI . K6 (a)—FEI6(c) 4 H T ML IR
3z 37 Y5 e &t (Near-field and Far-field source
Power Ratio, NFPR)Z37jI°41.0, 0.2F10. 1 (#1337
Y ()3, T LA A 3 Y s [R] 3 I — AN U
WA BT 5t L F 7 B B A YR —4EDOA .l L 45
SRR, I AR SR R SR A W YR REAT A i
AN 2 378 377 FH N 7 e B (1 5 ) o

N T FRYTE SR R 2 S UK 0, i
XS R LE AT SR HEAT Al v, EBRIR SR 77 Z5E
Bl v (R 7 oy S A IR A i, 193X (38)1m I U
s 2R, dEim iz IR —4EDOA. KET7(a)—
K7 (c)% T 41T 35 I8 R 3 Y5 R & o BN L,
SFILOBT A7 YR 25 (] 1, 7T LA H G 4 Y5 = B 1%
I T — /NIRRT L A 7 B R A i 35—
HEDOA. (i EARFRW], il A SCHR B
T S PR AT A T B A 523028 3 Y RN M 7 R S T S
IR REY, FritERy A S vuz I8 ae
B2 S U R
6 %5ie

AR SR HR S S 18 B R P TR VR B 5 2 e e
53 B J7 VK B 88 T I TR V5 PR A 3 VR R 7 )

~ 10° ~ 10°

10

~ 10°

_.
i

IE3HIE AL AMRMSE (°

102
200 400 600 800 1000 200 400
S Ek e
(a) TIHPETT L FHARMSE
(a) RMSE of azimuth for far-field source

—_
o
N

SE U7 RS RMSE (
S
TV FAHRMSE (

)
-
S

TSN FHRMSE (

107
200 400 600 800 1000

PR

(d) BRI FARMSE
(d) RMSE of elevation for near-field source

1072

600 800 1000 200 400 600 800 1000

RIA%L

(b) PN FHRMSE
(b) RMSE of elevation for far-field source

PRI
(c) IEIHIETT AL FHIRMSE
(c) RMSE of azimuth for near-field source

= - AR Tik
; -=-TSMUSIC /%
o 10° < ML 2 JT ik
= \\\47\ ~+CRLB
=
E 100 !
R
=}
107

200 400 600 800 1000
ik

(e) I3V EE BFRMSE
(e) RMSE of distance for near-field source

5 AR T IR A VERMSE

Fig. 5 RMSE of mixed sources versus snapshots



% 33 X IR

BTG 22 03 B S M 310 5 R 8 A 77

441

(b) NFPR=0.2

6 IR Al

Fig.

23 (dB)
2 [ (dB)

(b) NFPR=5

6 Spatial spectrum of near-field source

(¢) NFPR=10

Pl 7 sz s (A v

Fig. 7 Spatial spectrum of far-field source

FERH I IR 22 0 FE R, SR 34 IR A IR A
WA e, FIAH2-D MUSIC /7 Al i Bz 5 W5 1 75
AL AR A, 8IS O ESPRIT-like /7 ¥ $2 HL
FAG T T IR 7 AL AN A, 12 A 1-D MU-
SICTH EAG T IE R I B S 4. iR RE
B, AT 3T AR 2 TR SR B AL, AT
PETRRE I ER A IR E MRS . T 25
B 22 43 7 VR0 P BB 1B 798 —4EDOAS 4L
g R, Bk, 2B iEmIE S bR aE S
WIEDOAMEHERE T IS, B, 1B M2
(OGPt o] CAEAT B4, ] Al VR A IR 7 2
R 22 93 7 VEAS B IR 22 oy FE R, ST I 35U
AL BEZH, FAIH2-D MUSICH e IEDOA
8. B, EZNMEEIREEMFENIZS T, H
TR UL R AT IR T M R &5 T2 B 1 IER
P, A 2K 3 IR FI WA YR . 243 3 I8 1)
FEESIRIT2D? /N, TR AR TR Z R, 5
VN1 R5 5 7 b N Al 0 B2 s Brive 77 b - B B rive 7]
P —4EDOA SR IE —4:DOAMFERF, 4 5%
FHIE 37 F3z8 35 2 B0 A A T e iE R SR 471
Al SR A ST 0 1 257 AT LK I28 3 Y5 A 3 )R
BHATHE RS, ERA TR L AEMRA.
& £ X wk

1] RZBM, FRR, KB T EREMEAREGR]. FHEZER,

2020, 9(6): 998-1013. doi: 10.12000/JR20040.

WU Guizhou, GUO Fucheng, and ZHANG Min. Direct
position determination: An overview[J]. Journal of Radars,
2020, 9(6): 998-1013. doi: 10.12000/JR20040.

J R, MBAL, BUEA, & LRMEAIE 5 A BT FUd i Pk
J7 AT 5 EOE R R (], RIS, 2019, 8(5):
558-577. doi: 10.12000/JR19068.

ZHOU Chengwei, ZHENG Hang, GU Yujie, et al. Research
progress on coprime array signal processing: Direction-of-
arrival estimation and adaptive beamforming[J]. Journal of
Radars, 2019, 8(5): 558-577. doi: 10.12000/JR19068.

KEEar, ML, AR BIE 5 SR M THEE[T]. ik
%, 2020, 9(4): 632-639. doi: 10.12000/JR20053.

SONG Jiaqi and TAO Haihong. A fast parameter
estimation algorithm for near-field non-circular signals[J].
Journal of Radars, 2020, 9(4): 632-639. doi: 10.12000/JR20053.
ZUO Weiliang, XIN Jingmin, LIU Wenyi, et al. Localization
of near-field sources based on linear prediction and oblique
projection operator[J]. IEEFE Transactions on Signal
Processing, 2019, 67(2): 415-430. doi: 10.1109/TSP.2018.
2883034.

HE Jin, SWAMY M N S, and AHMAD M O. Efficient
application of MUSIC algorithm under the coexistence of
far-field and near-field sources[J]. IEEE Transactions on
Signal Processing, 2012, 60(4): 2066-2070. doi: 10.1109/TSP.
2011.2180902.

ZUO Weiliang, XIN Jingmin, ZHENG Nanning, et al.


https://doi.org/10.12000/JR20040
https://doi.org/10.12000/JR20040
https://doi.org/10.12000/JR20040
https://doi.org/10.12000/JR19068
https://doi.org/10.12000/JR19068
https://doi.org/10.12000/JR19068
https://doi.org/10.12000/JR20053
https://doi.org/10.12000/JR20053
https://doi.org/10.12000/JR20053
https://doi.org/10.1109/TSP.2018.2883034
https://doi.org/10.1109/TSP.2018.2883034
https://doi.org/10.1109/TSP.2018.2883034
https://doi.org/10.1109/TSP.2011.2180902
https://doi.org/10.1109/TSP.2011.2180902
https://doi.org/10.1109/TSP.2011.2180902
https://doi.org/10.12000/JR20040
https://doi.org/10.12000/JR20040
https://doi.org/10.12000/JR20040
https://doi.org/10.12000/JR19068
https://doi.org/10.12000/JR19068
https://doi.org/10.12000/JR19068
https://doi.org/10.12000/JR20053
https://doi.org/10.12000/JR20053
https://doi.org/10.12000/JR20053
https://doi.org/10.1109/TSP.2018.2883034
https://doi.org/10.1109/TSP.2018.2883034
https://doi.org/10.1109/TSP.2018.2883034
https://doi.org/10.1109/TSP.2011.2180902
https://doi.org/10.1109/TSP.2011.2180902
https://doi.org/10.1109/TSP.2011.2180902

442

#H FE10%

[7]

(8]

(9]

(10]

(11]

(12]

Subspace-based localization of far-field and near-field signals
without eigendecomposition[J]. IEEE Transactions on
Signal Processing, 2018, 66(17): 4461-4476. doi: 10.1109/TSP.
2018.2853124.

ZHENG Zhi, FU Mingcheng, WANG Wengqin, et al.
Localization of mixed near-field and far-field sources using
symmetric double-nested arrays[J]. IEEE Transactions on
Antennas and Propagation, 2019, 67(11): 7059-7070. doi:
10.1109/TAP.2019.2925199.

LIU Guohong and SUN Xiaoying. Spatial differencing
method for mixed far-field and near-field sources
localization[J]. IEEE Signal Processing Letters, 2014,
21(11): 1331-1335. doi: 10.1109/LSP.2014.2326173.

XIE Jian, TAO Haihong, RAO Xuan, et al. Localization of
mixed far-field and near-field sources under unknown
mutual coupling[J]. Digital Signal Processing, 2016, 50:
229-239. doi: 10.1016/j.dsp.2015.10.012.

WANG Kai, WANG Ling, SHANG Jingrui, et al. Mixed
near-field and far-field source localization based on uniform
linear array partition[J]. IEEE Sensors Journal, 2016,
16(22): 8083-8090. doi: 10.1109/JSEN.2016.2603182.

WU Yuntao, WANG Hai, ZHANG Yanbin, et al. Multiple
near-field source localisation with uniform circular array[J].
Electronics Letters, 2013, 49(24): 1509-1510. doi: 10.1049/
el.2013.2012.

JUNG T J and LEE K. Closed-Form algorithm for 3-D

single-source localization with uniform circular array[J].
£ & &

X #R(1983-), 5, A, EHEiRHL

REFHR PRI R, EEWTTT 1A

NEIEHBRA S X FEBIE 54

2N IR

AR (1994-), 53, BBIRHCRA T
BRSO M AR
HUAE 5 AL BEAIER B2 2 2T

XRMB(1985-), F, flit, EEIRHCK
P REA BRI IR, E B TS
PSP EREY (SN DU EAY RS d
T

[13]

[14]

[15]

[16]

[17]

IEEE Antennas and Wireless Propagation Letters, 2014, 13:
1096-1099. doi: 10.1109/LAWP.2014.2327992.

CHEN Xin, LIU Zhen, and WEI Xizhang. Unambiguous
parameter estimation of multiple near-field sources via
rotating uniform circular array[J]. IEEE Antennas and
Wireless Propagation Letters, 2016, 16: 872-875. doi:
10.1109/LAWP.2016.2613084.

Wrse, X9k, BREE T, T hele 2 50 15 K5 /) B 37 IR 5 B ff o
FRFORISI D). 22, 2017, 45(3): 584-590. doi: 10.3969/
j.issn.0372-2112.2017.03.012.

CHEN Xin, LIU Zhen, and WEI Xizhang. Ambiguity
resolving in parameter estimation of a single near-field
source via rotating uniform circular array[J]. Acta
Electronica Sinica, 2017, 45(3): 584-590. doi: 10.3969/].issn.
0372-2112.2017.03.012.

SU Xiaolong, LIU Zhen, LIU Tianpeng, et al. An SOS-based
algorithm for localization of multiple near-field sources using
uniform circular array[J]. IEEE Sensors Letters, 2019, 3(11):
5501004. doi: 10.1109/LSENS.2019.2950196.

XUE Bing, FANG Guangyou, and JI Yicai. Passive
localisation of mixed far-field and near-field sources using
uniform circular array[J]. Electronics Letters, 2016, 52(20):
1690-1692. doi: 10.1049/e1.2016.2091.

SU Xiaolong, LIU Zhen, CHEN Xin, et al. Mixed incoherent

far-field and near-field source localization under uniform
circular array[J]. Sensors, 2018, 18(5): 1432. doi: 10.3390/
s18051432.

% #(1986-), B, WL, EPIRHE
K TR BRI e 5, £ RS
TSl SR BB A TR 2t

VP

B #&(1992-), 5, HEHERHEKFEHRT
BlEpe e, EEH T A N
BilE 5 AL BRI TE IR 5E 1 o

XKFE(1976-), 55, L, EPRHE
REBFREERBE, FEHATIN
NERIEEFRRA . FEMEh R RS
EReg 3


https://doi.org/10.1109/TSP.2018.2853124
https://doi.org/10.1109/TSP.2018.2853124
https://doi.org/10.1109/TSP.2018.2853124
https://doi.org/10.1109/TAP.2019.2925199
https://doi.org/10.1109/LSP.2014.2326173
https://doi.org/10.1109/LSP.2014.2326173
https://doi.org/10.1016/j.dsp.2015.10.012
https://doi.org/10.1016/j.dsp.2015.10.012
https://doi.org/10.1109/JSEN.2016.2603182
https://doi.org/10.1109/JSEN.2016.2603182
https://doi.org/10.1049/el.2013.2012
https://doi.org/10.1049/el.2013.2012
https://doi.org/10.1049/el.2013.2012
https://doi.org/10.1109/LAWP.2014.2327992
https://doi.org/10.1109/LAWP.2014.2327992
https://doi.org/10.1109/LAWP.2016.2613084
https://doi.org/10.3969/j.issn.0372-2112.2017.03.012
https://doi.org/10.3969/j.issn.0372-2112.2017.03.012
https://doi.org/10.3969/j.issn.0372-2112.2017.03.012
https://doi.org/10.3969/j.issn.0372-2112.2017.03.012
https://doi.org/10.3969/j.issn.0372-2112.2017.03.012
https://doi.org/10.1109/LSENS.2019.2950196
https://doi.org/10.1109/LSENS.2019.2950196
https://doi.org/10.1049/el.2016.2091
https://doi.org/10.1049/el.2016.2091
https://doi.org/10.3390/s18051432
https://doi.org/10.3390/s18051432
https://doi.org/10.3390/s18051432
https://doi.org/10.1109/TSP.2018.2853124
https://doi.org/10.1109/TSP.2018.2853124
https://doi.org/10.1109/TSP.2018.2853124
https://doi.org/10.1109/TAP.2019.2925199
https://doi.org/10.1109/LSP.2014.2326173
https://doi.org/10.1109/LSP.2014.2326173
https://doi.org/10.1016/j.dsp.2015.10.012
https://doi.org/10.1016/j.dsp.2015.10.012
https://doi.org/10.1109/JSEN.2016.2603182
https://doi.org/10.1109/JSEN.2016.2603182
https://doi.org/10.1049/el.2013.2012
https://doi.org/10.1049/el.2013.2012
https://doi.org/10.1049/el.2013.2012
https://doi.org/10.1109/LAWP.2014.2327992
https://doi.org/10.1109/LAWP.2014.2327992
https://doi.org/10.1109/LAWP.2016.2613084
https://doi.org/10.3969/j.issn.0372-2112.2017.03.012
https://doi.org/10.3969/j.issn.0372-2112.2017.03.012
https://doi.org/10.3969/j.issn.0372-2112.2017.03.012
https://doi.org/10.3969/j.issn.0372-2112.2017.03.012
https://doi.org/10.3969/j.issn.0372-2112.2017.03.012
https://doi.org/10.1109/LSENS.2019.2950196
https://doi.org/10.1109/LSENS.2019.2950196
https://doi.org/10.1049/el.2016.2091
https://doi.org/10.1049/el.2016.2091
https://doi.org/10.3390/s18051432
https://doi.org/10.3390/s18051432
https://doi.org/10.3390/s18051432

	1 引言
	2 混合源模型
	3 算法描述
	3.1 远场源二维DOA参数估计
	3.2 混合源协方差矩阵差分
	3.3 近场源二维DOA参数估计
	3.4 近场源距离参数估计

	4 算法分析
	4.1 计算复杂度分析
	4.2 混合源能量差异敏感性分析
	4.3 算法总结

	5 仿真实验
	5.1 混合源定位有效性
	5.2 不同信噪比下混合源定位精度
	5.3 不同快拍数下混合源定位精度
	5.4 混合源能量差异性对比

	6 结论

